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This Illinois farmer has found a Case field tiller the 
most effective weapon in his battle against weed pests. 
The spring teeth penetrate just below the weed roots 
and rake them to the surface where they soon dry up. 
This popular tool is doubly useful because the spring 
teeth are interchangeable with stiff teeth for summer 
tillage, plowless fallow and general seedbed preparation. 


Because of their fast speeds, modern Case tractors are 


the ideal power for keeping ahead of the weeds. Several 
acres can be covered in a few hours. 


Literature on these and other Case machines will be 
gladly supplied. J. I. CASE CO., Racine, Wis. 
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FIG. 2 (LEFT) PHOTOGRAPH FROM IN FRONT OF PLOW SHOWING LOCATION OF PRIMARY SHEAR PLANES IN THE FURROW SLICE AS IT 
MOVES UP THE MOLDBOARD. CRACKS OPEN ALONG THESE PLANES. NOTE EFFECT OF SECONDARY SHEAR PLANES ON TURNED FURROW. 
FIG. 3 (RIGHT) PHOTOGRAPH FROM REAR OF PLOW SHOWING CRACKS OPENING ALONG PRIMARY SHEAR PLANES 


as will be shown by the description of plow action in this 
aper. 
: Push Soils. Soils which when settled react somewhat 
similarly to loose freshly plowed soils have been termed 
“push” soils. The adhesion of the soil to the moldboard 
builds up a pressure ahead of the plow bottom, which, due 
to lack of sufficient rigidity in the furrow slice to produce 
slippage on the mold, collapses the furrow wall with the 
result that the soil is pushed to one side rather than turned, 
Normal Condition. The reactions described in this 
paper are for the normal condition and are those which 
occur when the soil is settled and has reached the firm 
condition produced by natural agencies. It should be in 
that moisture range commonly classified as good plowing 
condition. Conditions of ordinary stubble and weeds or 
the inclusion of moderate amounts of rock or gravel, while 
affecting the reaction, should be included as normal. 


METHOD OF STUDY 


Previous studies‘ have shown that the shear angle of 
soil is normally 45 deg when viewed from the side of the 
moldboard through a glass surface (Fig.1), and that the 
shear planes continued at this angle throughout the plow 
action. To determine the effect of moldboard shape the 
reactions over the entire surface must be considered. A 
group of six plows varying in shape from a slow-turning 
sod type to a bluff stubble bottom were selected for this 
— These were typical sod, general-purpose, stubble, 

lack land, and slat bottoms, and one of the gently curving 
convex type of bottoms common in Great Britain. These 
were taken for study to a field of moist sand. The soil had 
been allowed to settle, over a period of several months, 
to its normal condition and was quite free from weed 
growth. The sand was selected as slight stresses resulted 
in visible strains, and the moist condition prevented crumb- 
ling of the blocks formed by the shear planes. 

Each of the bottoms was mounted in turn on a frame 
and the necessary adjustments made for smooth running at 
rated width and various depths. Speeds from approximate- 
ly 4 to 3% miles per hour were obtained by the use of 
a track type tractor. In some cases for better observation 
of the reactions, all weeds and the loose dry crumbs on the 
surface of the soil were removed. The reactions were also 
observed under very moist conditions by wetting the soil 
with a garden hose. Markers of various kinds were placed 
in the soil to determine the movements of various portions 
of the furrow. The plow was stopped frequently and the 
reactions observed by carefully removing portions of the 


furrow slice. It was also found that by backing the plow 
certain types of shear planes showed up very distinctly. 
In addition to observations and measurements, slow motion 
pictures were taken and carried to the laboratory for study. 
Comparison of the reactions between portions of the soil 
which the tractor had passed over and those which it had 
not passed over showed no visible differences. 


The same kind of reactions were observed for each type 
of bottom in these soil conditions. Therefore, the con- 
clusion was reached that these were the general reactions 
sought. To establish the fact that these reactions were not 
merely characteristic to this soil type and these conditions, 
the same bottoms were observed and pictorial records ob- 
tained in Norfolk sandy loam, Sharkey silt loam, and Shar- 
key heavy clay. Though the soils for these tests varied from 
a friable easily plowed sandy loam to a tough plastic buck- 
shot, the general reactions were found to be the same. 


GENERAL NATURE OF REACTIONS 


Primary Shear Planes. It was found in these field 
studies that for all soil conditions the shear planes ob- 
served’ along the shin of the plow (Fig. 1) extended for- 
ward entirely across the furrow slice at an angle of 45 deg 
to the line of travel. This means the angle of shear for soil 
is a constant, and the horizontal wedge of the plow acts in 
a manner similar to that of the vertical wedge. The locations 
of these planes across the furrow slice are shown in the 
photographs, Figs. 2 and 3, and diagramatically in the 
unturned furrow slice in Fig. 4. These planes will be te- 
ferred to hereafter as the primary shear planes. 


It will be noted in Fig. 2 that the primary shear planes 


retained their relative position throughout their passage 
across the moldboard. When the furrow slice was raised 
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FIG. 4 DIAGRAM SHOWING RELATIVE POSITIONS OF PRIMARY SHEAR 

PLANES IN UNTURNED FURROW SLICE. THESE PLANES FORM FOR- 

WARD FROM THE SHIN AT 45-DEG TO THE HORIZONTAL AND 10 
THE DIRECTION OF TRAVEL 
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to the position where it was standing in the furrow on its 
furrow wall, these planes were practically parallel to the 
undisturbed furrow wall ahead of the plow. The final 
action of the moldboard then was to push the upper portion 
of the slice forward and to the right to make the furrow 
lie smoothly against the preceding furrow. This is called 
the “push over” action and is practically the same as that 
described by Bousfield’ and illustrated in Fig.5. Even 
though a wide range of action is possible, and was observed 
in the push-over section, the more common action was for 
the primary shear planes to retain their relative position 
even after the furrow slice had passed the plow and was 
resting against the preceding furrow. In the heavier soils 
this was still more apparent than in the lighter soils. It 
should be noted that these primary shear planes move but 
little from the plane in which they were originally formed. 
Under ideal conditions the furrow is inverted progressively 
by the rotation of these blocks forward and to the right at 
an angle of approximately 45 deg to the line of travel until 
the block stands on end. It is then pushed over still for- 
ward and to the right, pivoting on the upper edge of the 
furrow wall as shown by Bousfield. However, the diagram 
of Bousfield does not show the forward part of the motion 
as it represents only a cross section of the slice at right 
angles to the line of travel. The findings of Ashby’, a typi- 
cal example of which is shown in Fig. 6, quite conclusively 
shows the forward action which occurs in turning. 

Tension Effect. It will be noted in Figs. 2 and 4 that the 
primary shear planes have a tendency to open as the soil 
inversion progresses. These illustrations were selected as 
they show conditions where this action was rather extreme. 
This kind of reaction was observed on all soils studied. 

If the soil blocks are not completely sheared apart and 
adhere, obviously the forces _s the opening, shown 
above, would produce an effect of tension. This opening 
force is due to variations in directional accelerations occur- 
ring on different parts of the moldboard, therefore the 
action over the entire moldboard surface must be considered 
in explanation. It should be noted that the speed of soil 
travel is practically constant over the moldboard surface 
as has been previously shown’. The force causing the soil 
to slide over the moldboard is applied practically uniformly 
across the entire furrow slice. The left or shin side is lifted 
before the right side of the furrow slice. Due to the 45-deg 
angle of the share, the bottom of the right side is not 
smoothly sheared until the block is nearly turned on edge. 


B C, 


FIG.5 BOUSFIELD EXPLAINED PLOW ACTION GEOMETRICALLY BY STATING 
THAT THE FURROW SLICE ABCD IS FIRST ROTATED ABOUT CORNER A UNTIL IT 
THE EXPLANATION IS INCOM- 


REACHES POSITION AB’C’D’ THEN ABOUT D’. 


PLETE AS IT DOES NOT CONSIDER SOIL REACTIONS 
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The left side of the block is stressed to conform to the 
shape of the moldboard before the right side (a very im- 
portant consideration as will be shown later), and conse- 
quently it is in a looser condition and less able to transmit 
the force of resistance causing the soil to slide up over the 
moldboard. The action may be described more simply if 
the plow is thought of as standing still and the soil mov- 


‘ing over its surface. The soil on the left side of the furrow 


is moving upward while that on the right is approaching 
the plow in the line of travel. Consequently, as the weight 
of the soil block is transferred to the right side of the fur- 
row, the motion of the block is more and more affected by 
the direction of the right-hand side of the slice and shear 
planes open at the top or left-hand side of the turning 
furrow. The effect will also be more understandable when 
it is remembered that the greatest curvature in the path of 
travel of a particle is near the shin; therefore the motion 
changes rapidly from one up the moldboard to a motion 
towards the right. This is equivalent to stating that the 
tension cracks are formed near the part of the moldboard 
where the “warping” occurs. 

It has been shown* that the moldboard surface may be 
described by parametric equations, which define the angular 
rotation of arcs of circles around a point moving on, or 
near, the line of travel of the tip of the share wing. When 
these angles were plotted on semi-logarithmic paper as 
functions of time or travel, they gave a series of straight 
lines. The first breaks in the slopes of these lines occurred 
at the place where the cracks opened, thus explaining the 
change in directional acceleration, which caused the cracks 
to open. It should be noted also that other breaks in these 
lines occurred at the same times that “push over’ becomes 
effective. 

Secondary Shear Planes. It has been shown that the 
primary shear planes are formed at 45-deg angles forward 
from the plane of the shin. The plow share runs backward 
from the point at an angle of approximately 45 deg, and 
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FIG.6 TYPICAL LOCATION DIAGRAM OBTAINED BY 
ASHBY AND HIS ASSOCIATES IN THE U.S.D.A. BUREAU 
OF AGRICULTURAL ENGINEERING IN THEIR STUDY 
OF THE ACTION OF VARIOUS PLOW BOTTOMS BY 
PLACING BLOCK IN VARIOUS POSITIONS OF THE 
FURROW SLICE (OPEN CIRCLES) AND NOTING THEIR 
SUBSEQUENT POSITIONS IN THE TURNED SOIL. PER- 
MISSION FOR ITS PUBLICATION WAS OBTAINED BE- 
CAUSE OF ITS PERFECT ACCORD WITH THE FINDINGS 
SET FORTH IN THIS PAPER 
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therefore the soil blocks formed by the primary planes are 
being lifted progressively from the shin side by a surface 
approaching at right angles to the primary planes. Disre- 
garding the variations necessary for suction and mechanical 
strength at the point and along the share it has been shown* 
that a perpendicular plane, at right angles to the plane of 
the shin, cuts off a forward portion which may be divided 
into two symmetrical parts by a plane bisecting the angle 
formed by these two planes. This portion was called the 
pulverization area of the plow and may be swept out by 
lines parallel with the share. This means that the pressure 
of the advancing surface, as shown by the direction of the 
normals, would tend to progressively produce other shear 
planes appearing at the surface at an angle of 90 deg with 
the primary shear planes. This was found to occur, and the 
shear planes so produced were termed secondary shear 
lanes. 
' The secondary planes do not open until the furrow falls 
in inversion and may escape detection by the casual ob- 
server. They are, however, readily shown to exist by back- 
ing the plow as has been done in Fig. 7. They are also 
very apparent in the turned furrow shown in Figs. 2 and 3. 


While it is not within the scope of this paper to discuss 
fully the relationship between plow action and soil char- 
acteristics, a few important examples will be pointed out 
as indicating their importance to the selection and the 
design of plows. 

Bacon® states that bluff moldboards are necessary for 
sandy soils. The necessity for this is shown by the shear 
reaction. The low shear value of sand necessitates the lifting 
of the furrow slice while it is being strongly supported by 
the soil in front of the plow or otherwise the furrow wall 
collapses and poor coverage results. Stiff soils require very 
gently sloping moldboards because of their high resistance 
to shear. Otherwise the furrow slice refuses to bend to 
form the secondary planes and travels upward on the mold- 
board, but does not turn, with the result that large blocks 
are thrown to the left, sometimes falling at right angles 
to the line of travel. The same reaction occurs when the 
speed of the plow is increased, since the force required for 
soil to slide over soil is not independent of speed. The 
reaction is the same as that described under A-phase fric- 
tion”. When the stiffness of soil is reduced by sufficient 
moisture, most any plow shape will turn the soil but pud- 
dling may occur. 

In sod the binding power of the roots retards the forma- 
tion of both primary and secondary shear planes and pre- 
vents the furrow wall from crumbling ; consequently, a long 
gentle sloping moldboard is required. 

The work of Ashby” and his associates in studying 
coverage indicates that better coverage was produced by 
plows with moldboards which were relatively steep at the 
mid-section. This shape of moldboard produces very de- 
cided secondary shear planes. It must be recognized, of 
course, as shown by the same author, that satisfactory cover- 
age may be largely effected by supplementary equipment. 

For soil conditions which do not require great pulveri- 
zation or for soils too stiff to permit it, it would appear 
that the English type of plow would be of great advantage 
as the convex surface should result in reducing the force 
required to produce secondary planes. This opinion, how- 
ever, requires verification by careful controlled field tests. 


SUMMARY 


The physical reactions of soil in various conditions to 
plow surfaces are classified. The reaction of soil in ‘‘nor- 
mal” or good plowing condition is described from field 
studies. 
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FIG. 7 BOTH PRIMARY AND SECONDARY SHEAR PLANES SHOW UP 

CLEARLY WHEN A PLOW IS BACKED UP. THE FURROW WHEEL WAS 
REMOVED AFTER THE PLOW WAS IN POSITION 


The pulverization of the slice was found to be produced 
by two sets of shear planes. The primary planes were 
formed by the wedge action of the point of the plow and 
extended upward and forward from the shin at an angle 
of 45 deg to the direction of travel. The secondary planes 
were formed at right angles to the primary planes, thus 
the soil was sheared in two directions to produce pulveriza- 
tion. The slice was turned by the rotation of the blocks 
formed by the primary planes upward and forward. The 
blocks were lifted so that they stood on the portion which 
was the furrow wall and were then pushed over forward 
to lie against the preceding furrow. The so-called “ten- 
sion” effect of the plow was found to be due to variations 
in directional acceleration. 

The relationship of these reactions to plow design is 
briefly indicated. 


Technical Language 


HAT does the non-technical man think about when 

he overhears the shop talk of engineers? There is 
little doubt that he accepts as unavoidable and therefore 
proper those terms that are utterly foreign to his vocabulary, 
like “modulus of elasticity” or “hydrogen-ion concentra- 
tion.” But those composed of familiar words that throw 
off their accustomed meaning are likely to be disturbing. 
What mental image, for example, is conjured up for him by 
the term “bending moment’? Certainly not that of a struc- 
tural member subjected to flexure. He may envision some 
Einsteinian mad-land in which time and space are hopeless- 
ly tangled. “Moment of inertia” probably recalls to him 
the climactic knockout finish of the last major prize fight, 
while ‘influence line” reminds him of the time he asked 
his political friend to have his traffic violation ticket “fixed.” 
And surely his attempt to read some meaning into the puz- 
zling “loss of head” of the hydraulic engineer is apt to 
involve mental pictures of Ichabod Crane on a dark night, 
or of Louis XVI or an unpleasant day in Paris; especially 
as ‘loss of head” is measured in feet. Technical language 
at its best is not a favorable medium for the information 
of the layman; the more reason why engineers today, when 
engineering works are so much in the public mind, should 
cultivate clearness if they wish to gain and hold the essen- 
tial public support.—Engineering News-Record, Jan. 18, 
1934. 
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The Unloading Characteristics of Orchard 
Sprayer Pressure Regulators 


By K. R. Frost’ 


lating device that serves a twofold purpose of (1) 

a pressure-relief valve and (2) an unloading de- 
vice for the power unit while the spray lines are not operat- 
ing. Some regulators do not fulfill the second function, for 
the load on the engine is not affected when the spray lines 
are Closed. As a relief valve, however, the average pressure 
regulator operates quite efficiently and seldom fails to serve 
as a safety device on the pump. 

In recent years many troubles have been experienced 
with pressure regulators, especially since operating pressures 
have increased to 600 and 700 Ib per square inch. During a 
short period of operation, the valve balls, seats, and stems 
are eroded in some cases, until the regulator no longer 
functions properly. High velocities of the liquid through 
the valves and the presence of abrasives are the direct causes 
for this excessive wear. The velocity may also cause back 
pressure on the pump and thus prevent unloading of the 
power unit when the spray lines are closed. 

In Fig. 1 appears a cross section of the principal parts 
of a regulator. The pressure is controlled by the pump 
pressure against a diaphragm or piston. The latter, in turn, 
is counteracted by a compression spring until a certain pres- 
sure is reached, depending upon the spring tension. This 


ee SPRAYERS are equipped with a regu- 


"Associate in agricultural engineering, University of California. 
Jun. AS.A.E. 


INTAKE FROM PUMP ~~. ™ \ 
en * eas BALL LIFTED 


-<—---~ 


= 
O 


VALVE STEM 


— 
OC 


“ _ SPRING 


SPRAY LINE —> 


FIG. 1 PRESSURE REGULATOR DIAPHRAGM, SPRING, AND VALVE 


may be adjusted by the setting of the pressure control nut, 
affecting the valve stem position as indicated in Fig. 1 by 
S: and S$: The setting of this nut changes the clearance 
of the valve stem and the valve ball when the pump is not 
operating. The valve ball remains seated until the pressure 
on the diaphragm is sufficient to compress the spring and 
close the valve stem clearance, besides lifting the ball 
against the pump pressure. The pressure on the diaphragm 
is held by the check valve until the spray line is again 
opened. 

The pressure P; required to close the clearance C: may 
be determined by the equation P:= (C:x Se) + A, if Se 
is the spring constant in pounds per inch and A is the area 
of the diaphragm. The pressure Px required to lift the ball 
from the seat is determined from the force balance equa- 
tion, P.A = a (P: + Px), where a is the area of the valve 
seat (neglecting the spring forces, as the ball must be lifted 
only an infinitesimal distance to relieve the pressure). Solv- 
ing the equation, the result is Pu = aP:~(A—a). Evi- 
dently, then, the distance the valve is lifted, as C. = (Pu x 
A) =~ S, depends on several factors, namely, the valve-seat 
area, the difference between diaphragm area and valve-seat 
area, the valve clearance and the spring constant. Since the 
valve lift is a measure of the reduction in pressure, the un- 
loading characteristics depend largely upon the design of 
the regulator. 

The area between the valve ball and seat, if known, 
enables one to determine the back pressure on the pump 
caused by the regulator and to check up on the by-pass 
pressure and the power consumed by the pump. The fol- 
lowing notations and derivations applying to Fig. 1 indicate 
a solution for calculating the area between the valve ball 
and seat: 

Angle M, = OAB describes the position of the ball 

when seated. 

Angle N, = O'AB describes the position of the ball 

when lifted. 

r: = BA, radius of the valve seat. 

r2 = OA, radius of the valve ball. 

z= EA; y= OB. 

x = AD = r': — nm, minimum lineal clearance. 

Q = quantity of liquid flowing, second-feet. 

Ce = coefficient of contraction. 

Cv = coefficient of velocity. 

C = coefficient of discharge =Ce x Cv. 

Ac = area at minimum clearance, square feet. 

V = velocity of approach, feet per second. 

P» = back pressure, pounds per square foot. 

w = weight of a cubic foot of liquid, pounds. 

g = gravity = 32.2 feet per second per second. 

Solving for x and z, 


y= \/"2—1s from the right triangle ABO 

res frit (yt Cr)? 

The area Ac at the minimum clearance is the surface of 
a frustrum of a cone with 7: and r:—z as the radii of the 


bases. 
The surface area of the frustrum of a cone equals one- 
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half the product of the sum of the circumferences of the 
bases and the slant height, or 
x 
Ac = — [2x (tr: — x cos N) + 2a ni} 
2 


and 

Ac = 7x (2r:— 2). 

The velocity V« at x may be found from the amount of 
liquid passing that point divided by the area Ace and the 
coefficient of contraction Ce, or 


a 


- Ce Ace x 449 

The velocity at the minimum clearance causes the back 
pressure on the pump, P», which can be calculated by the 
hydraulic equation : 


petals 


The velocity of approach, V, is negligible in comparison 
with 2g P» + w, as seen by inspection; therefore, it may be 
eliminated without an appreciable error. 

Substituting and solving for P», 


7 — 


Po 
_V 
Ww 


2¢ Po 
Ve= Cry) 
w 
and 
Vee x w 
i ee 
2g Cr 


By applying these values for any regulator at various 
valve lifts, one may calculate the back pressure and the 
power required to operate the pump while by-passing. The 
calculated back pressures for three regulators are given in 
Table I, using the dimensions in Table II, and are plotted 
graphically in Fig. 4. 


EXPERIMENTAL TESTS 


The pressure regulators were tested on two three-cylin- 
der spray pumps having capacities of 16 and 20 gpm (gal- 
lons per minute) and capable of developing pressures of 
600 Ib per — inch without endangering the equipment. 
They were driven by chain-and-sprocket-equipped electric 
motors. 

The pressure was varied from 200 to 600 lb per square 
inch during the tests, the range ordinarily used for spraying 
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FIG.2 A STATIONARY ORCHARD SPRAYER EQUIPPED WITH A DIA- 
PHRAGM TYPE PRESSURE REGULATOR. THE STEAM-ENGINE INDICATOR 
USED FOR MEASURING PISTON PRESSURES AND THE MICROMETER 
GAGE FOR MEASURING VALVE LIFT ARE SHOWN IN FOREGROUND 


purposes. The change was made by loosening or tightening 
the spring tension nut on the regulator. Because the valve- 
stem clearance was then affected, as noted in Fig. 1, it had 
to be measured each time between test runs. 

The stem clearance and valve lift were measured with 
a micrometer gage attached to the base of the regulator, the 
micrometer gage pin being placed under an arm on the 
valve stem so that any change in position was registered. 
When only atmospheric pressure was exerted against the 
diaphragm or piston, the gage was set for zero. Then stem 
clearance was registered by the gage as the valve stem was 
raised to a point contacting the valve ball. The spray lines 
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FIG.4 EXPERIMENTAL AND CALCULATED VALVE LIFTS AND BY-PASS 
PRESSURES OF A PRESSURE REGULATOR. THE WIDE VARIATIONS ARE 
UE TO CHECK VALVE LEAKAGES AND FLOW RESTRICTIONS OTHER 
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TABLE II. THE DIMENSIONS AND SPRING CONSTANTS FOR PRESSURE REGULATORS TESTED IN THIS EXPERIMENT 


Dia. of Area of 
Regular diaphragm diaphragm Seat dia. of 
number or piston, in or piston,sqin _ by-pass valve, in 
1 3.25 8.30 0.875 
2 2.50 4.92 1.00 
3 2.75 4.95 0.75 
4 2.00 3.14 


TABLE I. PISTON PRESSURES FOR VARIOUS VALVE LIFTS 
AS CALCULATED FOR THE PRESSURE REGULATORS 
USED IN THE TESTS 
C (coefficient of discharge) = 0.94* 
Calculated 
Velocity at pressure 
atvalve valve(Ve), (Pov) 
(C.),in (Ac),sqin ft persec Ib per sq in 
0.01 - 


Dis- Area 

charge Valve lift 

Regulator gpm 
1 


0.0245 262.0 485.0 

0.015 0.0352 182.5 258.0 

0.02 0.0435 147.5 166.5 

20 0.03 0.0648 99.1 75.0 
0.04 0.0885 72.5 40.1 

0.05 0.1097 59.7 26.4 

0.06 0.1300 47.6 17.3 

2 0.01 0.0187 274.0 572.0 
0.015 0.0275 187.0 267.0 

0.02 0.0372 138.0 144.0 

16 0.03 0.0587 87.2 58.0 
0.04 0.0770 66.7 33.8 

0.05 0.0960 53.5 21.8 

0.06 0.1150 44.7 14.1 

3 0.01 0.0165 282.0 608.0 
0.015 0.0260 214.7 353.0 

0.02 0.0372 138.2 144.4 

16 0.03 0.0552 84.5 54.6 
0.04 0.0758 67.0 34.1 

0.05 0.0938 54.6 22.6 

0.06 0.1140 45.0 15.8 


*An average figure for small conical-area orifices. 


were then closed, causing the pressure to rise, lifting the 
ball, and allowing all the water to by-pass. This rise of 
the valve stem was indicated on the micrometer gage. The 
valve lift was the difference between the readings. 

The average piston pressure while the pump was by- 
passing was determined with a steam-engine indicator that 
gave the area under a penciled curve. The average height 
of the curve represented the pressure for one revolution of 
the pump. The electric eo was measured for each 
valve setting under both conditions, spraying and by-pass- 
ing. To determine the horsepower input to the pump, the 
load-efficiency curve of each motor was used, thus providing 
an accurate check on the actual power requirements while 
the pump was by-passing and a comparison with the power 
required for operating the spray line. The pump discharge, 
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HORSEPOWER CONSUMPTION 


BY-PASS VALVE LIFT IN INCHES 


SPRAY LINE PRESSURE, LBS PER SQUARE INCH. 


CURVES SHOWING THE EFFECT OF CHANGING THE VALVE 
STEM CLEARANCE ON THE POWER CONSUMPTION 


FIG. 5 


Seat area of 


Dia. of by-pass Spring constant Spring 
by-pass valve, sqin valve ball, in Ib per in length, in 
0.603 1.38 6666 2.90 
0.786 1.25 6160 4.25 
0.442 1.38 8850 1.95 
960 5.50 


as measured with a set of scales for periods of several min- 


utes, varied, throughout the tests, only 0.1 to 0.5 gal from 
the rated capacity. 


Three standard type regulators and one relief valve type 
were tested. The latter and one of the former were piston 
types; the others were diaphragm types. The results are 
plotted in Fig. 3 for comparison. No. 1 was a diaphragm 
regulator on a pump discharging 20 gpm, and No. 2 was a 
piston regulator on a pump discharging 16 gpm. The 
curves plotted from the horsepower data and from the 
valve lift show a definite relation, as indicated by Table 1; 
that is, the greater the valve lift, the less are the back 
pressure on the pump and the horsepower consumption. 
The curves follow the pressure-horsepower curve of the 
pump to the point where the pressure is sufficient to lift 
the piston or diaphragm and open the by-pass valve. The 
horsepower consumption then remains approximately con- 
stant until high pressures cause leakage at the check valve 
and the regulator no longer functions as an unloading de- 
vice. The curve again turns upward, approaching the 
pressure-horsepower curve of the pump. 


On regulator No. 3 the valve stem clearance was varied 
in order to determine the effect on horsepower consump- 
tion. The results are plotted in Fig.5. A clearance of 
0.024 in proved to be the most effective setting to obtain 
minimum by-pass horsepower for this regulator. The low- 
est point on the curve occurred at 370 lb per square inch 
and was one-third of the power required to operate the 
spray lines at that pressure. 

The fourth regulator tested was a recent development 
designed to replace the standard-type regulators. It con- 
sisted merely of a piston, a cylinder, compression spring, 
and by-pass ports, and served as a safety valve and a pres- 
sure-control device but not as a power-unloading unit. It 
was tested on a 20-gpm pump between pressures of 200 and 
600 lb per square inch. The results are plotted in Fig. 6, 
and the curves indicate an increase in power for by-passing 
compared with the operating-power consumption. In this 
case the pressure increases when (Continued on page 197) 
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FIG.6 THE OPERATING CHARACTERISTICS OF A RELIEF-VALVE TYPE 
OF PRESSURE REGULATOR 
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Spacing and Depth of Tile Drains’ 


By J. H. Neal’ 


HE PROPER SPACING and depth of tile lines has 


long been a perplexing problem. In most cases for 

many years the tile drainage systems were installed 
with a certain _— and depth because another success- 
ful system had been put in with such a spacing and depth. 
The irrigation engineers have already worked out relation- 
ships between soils and amounts of irrigation water to 
apply, but the drainage engineers, with the exception of 
the German, have failed to find a satisfactory relationship 
between the soil and rate of water movement through the 
soil. Most of the American investigators give only general 
recommendations which are not readily interpreted by 
others, while most of the German investigators give some 
type of formula. 

The author has made a study of four tile drainage 
systems in different parts of Minnesota where there is a 
wide variation in soil type. Although the tile drainage 
systems were not installed for experimental purposes, never- 
theless there was a variation in spacing at each of the sta- 
tions studied and a variation in depth as between the 
stations. 

Study of the fluctuation of the ground water table due 
to precipitation was made at each 
of these stations over a period of 
four years, 1925 to 1928. These 
studies were largely based on con- 
temporaneous records of the dura- 


tion for the four winter months is low, averaging less than 
one inch per month. The precipitation for March and April 
may be either snow or rain. Frequently the precipitation 
for March also runs off while the ground is still frozen. 

In all cases there were one or more months during the 
growing season of each year in which the precipitation was 
below normal. With the exception of 1927 there were 
also one or more months each year in which the precipita- 
tion was above normal. In general the periods of excess 
precipitation were shorter than those of deficient precipita- 
tion. 

About half the precipitation comes in rains of less than 
one inch, one-fourth in rains of 1.00 to 1.99 in, and one- 
fourth in rains of 2.00 in or more. The larger rains occur 
for the most part during the summer months. 


In general the big rains, those of 2.00 in or more, occur 
when there has been less than one inch during the previous 
seven days. During the four-year period of this investiga- 
tion, there was a total of 28 rains of 2.00 in or more at the 
four stations, twenty-four of these coming when there had 
been less than one inch of rain during the previous seven 
days. About half of the big rains occurred when there had 
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tion and amount of local precipita- 
tion secured at or near the drainage 
areas. 

Precipitation. In the latitude 
of Minnesota the winter precipita- 
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tion has very little effect upon the 
local ground water table, since the 
snow melts and runs off before 
the ground thaws in the spring. 
Practically all precipitation falling 
between November 1 and March 1 
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is snow and can be disregarded as 


far as the design of a tile drainage 
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system is concerned. The precipita- 
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*Paper presented at the 28th annual 
meeting of the American Society of Agri- 
cultural Engineers, at Detroit, Michigan, 
June 18 to 20, 1934. Approved as Jour- 
nal Series Paper No. 1274 of the Minne- 
sota Agricultural Experiment Station. 
Abstract of professional engineering 
thesis approved for publication as Min- 
nesota Technical Bulletin No. 101. 


Assistant professor of agricultural 


Ft. Above Tile Grade 


engineering (land reclamation), Univer- 
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sity of Minnesota. Assoc. Mem. A.S.A.E. 

*Rothe, Joh—Die Strangentfernung 
bei Dranungen in Mineralboden. Der 
Kulturtechniker 32: 155-169 (April 
1929), Konigsberg, Germany. 
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FIGS. 1 AND 2 GROUND WATER 
PROFILES AT MID-POINT BETWEEN 
TILE LINES AND DAILY PRECIPITA- 
TION, AT THE AITKIN AND MEA- 
DOWLANDS STATIONS 
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TABLE I RUN-OFF FROM DRAINAGE AREAS AT MEADOWLANDS AND PAINESVILLE 
(Expressed in inches of depth) 
April 1 to October 15, inclusive 
Meadowlands Paynesville 
Item 1925 1926 1927 1928 Total 1925* 1926 1927 1928 Total 
Total run-off, in .............. oe 0.52 0.55 0.00 3.59 4.66 0.00 3.16 1.07 0.11 4,34 
Total precipitation, eee ns ae 20.00 16.72 14.71 26.00 77.43 3.81 25.52 18.62 19.08 67.03 
Per cent as run-off ............. is 2.60 3.30 0.00 13.80 6.00 0.00 12.40 5.70 0.60 6.60 
Rains causing STE eee ences = 3.85 2.54 0.00 20.50 26.89 0.00 18.15 9.73 3.44 31.32 
ane em SU 13.50 21.60 0.00 17.50 17.30 0.00 17.40 11.00 3.20 13.90 
ene above 

Precipitation ) below normal**, in | +1.05 —2.23 —4.24 +7.05 +1.63 —3.92 +358 —3.32 —2.86 —6.52 


*August 1 to October 15, inclusive. 
**Normal for Paynesville taken from records for St. Cloud. 


been less than 3 in in the previous 30 days and half when 

there had been 3 in or more in the previous 30 days. This 

was true not only for the four-year _ of this investiga- 
receding. 

Although the four-year period of this investigation was 
one of deficient rainfall, the precipitation being above 
normal in only one year out of the four for each of the 
stations at Aitkin, Meadowlands, and Paynesville, and be- 
low normal for all four years at Waseca, nevertheless more 
large rains occurred than in the preceding ten-year period. 

Run-Off. Since the amount of run-off is dependent 
upon so many variable factors, the per cent of run-off 
varies widely. Some of the most important factors are 
(1) amount and intensity of rain, (2) previous precipita- 
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tion, (3) transpiration, (4) evaporation, and (5) deep 
seepage. The first three are by far the most important, 
although deep seepage is a noticeable factor at Meadow- 
lands, there being an abrupt drop of 20 ft to the river at 
the east edge of the field. 


The total precipitation and total run-off for the Mea- 
dowlands and the Paynesville stations are given in Table I. 
When the precipitation is below normal, the run-off also is 
low or even becomes zero. This was the case at Meadow- 
lands for the first eight months of both 1925 and 1926, 
and for all of 1927. At Paynesville, 1925, the last half of 
1927, and 1928 were so dry that no appreciable run-off 
occurred. 

In general when there has been less than 3 in of rain 
during the previous 30 days, a rain 
will cause little if any run-off. Rains 
; of less than 1in occurring during 
2 the growing season are not likely to 
, cause run-off unless they are pre- 
o, ceded by 4in or more of rain in 
38 the previous 30 days. Practically 

5 all rains of more than 1in, when 
$ preceded by 3in or more in the 
previous 30 days, will cause run-off, 
and also a decided rise in the 
ground water table. 

For the Meadowlands station 
the maximum run-off usually oc- 
curred during the first Ghr after 
the intense part of the rain and fre- 
quently exceeded a rate of one acre- 
inch per day. The highest rate was 
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“ 
33 1.60 a-in (acre-inches) on Septem- 
2% ber 6, 1925 when 2.80 in of rain 
“2 fell in 9 hr. The maximum rate of 
Spock discharge exceeded one inch per 
250Ft S 


day three times and 0.50 in seven 
times, while the total discharge ex- 
ceeded 0.50 in only once (October 


12 to 15, 1928, when 0.77 in ran 


Ground water Elev. 
Ft. Above Tile Grade 
- 


off, following 1.47 in of rain). The 
highest total discharge during the 
growing season (May to August, 
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inclusive) was 0.31in on July 26, 
1928. 

At the Paynesville station the 
maximum rate of run-off occurred 
1 to 4hr after the beginning of a 
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FIGS. 3 AND 4 GROUND WATER 
PROFILES AT MID-POINT BETWEEN 
TILE LINES AND DAILY PRECIPITA- 
TION, AT THE PAYNESVILLE AND 
WASECA STATIONS 
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storm, and as near as could be determined from the records, 
it was within 2 hr after the intense part of the storm. On 
July 8, 1926, when 2.84 in of rain fell in an hour, the 
maximum rate of run-off (0.33 a-in per day) occurred with- 
in 2 hr after the beginning of the storm. The total run-off 
for this storm was 0.31 a-in per acre. 


Owing to the difference in soil, topography, area, and 
the design of the system, the Paynesville tile drainage sys- 
tem reached the maximum discharge rate sooner but con- 
tinued to discharge water longer after a storm than did the 
Meadowlands tile drainage system. 


At Meadowlands the area in the drainage basin is small 
(7.5 acres), level, and of fairly uniform soil formation, 
while at Paynesville the area is larger (208 acres) rolling, 
including many small pockets and swales, and of variables 
soils formation. Several surface inlets were installed in the 
depressions at the Paynesville station, thus giving a greater 
and quicker concentration of the run-off through the tile 
lines than would otherwise occur. 


WHAT CONSTITUTES GOOD DRAINAGE? 


The foregoing discussion has shown the great variation 
between rainfall and run-off and the great influence of the 
season of the year, especially the growing season, on the 
amount and rate of accumulation of excess water and the 
consequent amount and rate of run-off. The next logical 
step, then, is the consideration of what really constitutes 
good drainage. 

The most important point in the effectiveness of a tile 
drainage system is the distance between the surface and the 
ground water table at the mid-point between the tile lines. 
Rothe’ suggests 50cm (20in) for cultivated crops and 
40cm (16in) for hay crops. Although this will depend 
upon the types of crops, their root systems and water re- 
quirements, an average value can, as a rule, be used for 
various types of crops grown in the rotation. 

The author has observed that crops will not be injured 
if the water table at the mid-point is lee one foot or more 
below the surface at all times, and two feet or more below 
the surface 75 per cent of the time. Even though the water 
comes within one foot of the surface but not over the sur- 
face, the injury will not be great for most crops if it can 
be lowered again in a few hours. The grass crops are 
much more tolerant of water than the ordinary row crops. 
As a rule: the truck crops are the most sensitive to excess 
water, and therefore should have the most effective drainage 
system. 

Ground Water Measurements. In order to secure evi- 
dence of the effectiveness of drainage that might be ex- 
pressed in physical units, it was necessary to measure the 
fluctuations of the ground water table. To accomplish this 


TABLE If AVERAGE RATE OF DROP OF GROUND WATER AT MID-POINT BETWEEN TILE LINES 
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a line of test wells was set, at each of the observation sta- 
tions, at right angles to the direction of the tile lines. These 
wells were located at the tile lines, 5 and 10 ft away and 
at various intermediate distances according to the spacing 
of the tile lines. 


Ground Water Fluctuations. The ground water fluctu- 
ations are caused by precipitation, transpiration, evapora- 
tion, run-off, and deep seepage. In order for gravity water 
to be present in the soil, the soil moisture content must be 
above the capillary capacity. Until enough precipitation 
has fallen to bring the soil moisture content above this 
capacity, the ground water table will remain stationary or 
continue to drop even below the tile lines. However, after 
the “hydraulic slope” (defined by Schlick as the “head” 
causing flow toward the tile drains) has become less than 
1 to 5 ft in 100 ft, depending upon the soil and the spacing 
of the tile, the lowering of the ground water table is due 
to deep seepage alone. 

In many cases the permanent ground water table is 
many feet below the surface. The temporary saturated con- 
dition of the surface soil is due to a partially impervious 
subsoil or to one in which the frictional resistance is so 
great that it take many weeks for the water to get through. 
The rate of downward percolation varies greatly depending 
upon the texture of the substrata. The drop of the ground 
water table due to deep percolation and to transpiration is 
sometimes greater than the movement to the tile lines. It 
is hard to separate the different water movements, as they 
all work contemporaneously. Better soil drainage, which 
means greater or more rapid lowering of the water table, 
gives an opportunity for more vigorous plant growth which 
in turn transpires more water and opens up the subsoil by 
root penetration. 


Although the roots of most of the ordinary cultivated 
crops will not penetrate a saturated soil to any exteni, they 
may live for a few days in a saturated soil if the water is 
moving and does not cover the surface. In case the water 
comes to the surface and the weather is hot, the plants 
will generally scald within a few hours. Since the soil 
immediately above a saturated soil approaches saturation, 
it is better to design the drainage system so that the maxi- 
mum height of the ground water table is at least one foot 
below the surface, except for extreme conditions when it 
may rise within the first foot zone for a period of only a 
few hours duration. 

_ The peak height of the ground water table and the 
daily precipitation are plotted in Figs. 1 to 4. 

With the precipitation history, the physical characteris- 
tics of the soil, the fluctuation of the water table and the 
influence thereon of precipitation and plant growth, avail- 
able as presented in the discussion up to this point, the way 


Rate of drop in feet per day from surface downward 


Subsoil 
Tile Tile Maxi- 1st 
Moisture spacing depth mum, 6in 


Location Type equivalent feet feet feet feet 
Aitkin 12 200 5.0 0.30 
Sandy 10 295 4.5 0.18 
Loam 12 600 4.0 0.18 0.10 
10 800 5.0 0.18 0.07 
Meadowlands 27 60 3.4 0.80 
Silt 27 90 3.4 0.80 
Loam 27 135 3.4 0.75 0.75 
Paynesville Loam 21 100 4.0 0.74 
21 250 4.2 1.02 0.69 
Waseca Clay 35 45 3.4 2.90 2.04 
30 125 3.6 1.80 1.06 


May 1 to August 31 


— nn 


September 1 to October 15 


2nd 3rd 4th Maxi- 1st 2nd 3rd 4th 


6 in 6 in 6 in mum, Gin 6 in 6 in 6in 

feet feet feet feet feet feet feet feet 

0.30 0.34 0.34 ~— 0.23 

0.17 0.15 0.15 0.17 0.17 0.15 0.15 
0.10 0.10 0.10 General rise 
0.07 0.07 0.07 General rise 

0.67 0.55 1.05 0.62 0.53 —0..38 

0.71 0.50 0.41 0.70 0.48 0.40 ~—02..29 

0.55 0.38 0.31 0.65 0.45 0.36 0.30 0.22 

0.64 0.50 1.10 1.10 0.45 0.38 

0.58 0.35 0.23 0.55 0.55 0.24 ~—0«.20 


1.00 0.70 0.60 
0.54 0.38 0.31 
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is now opened for consideration of suitable drainage pro- 
cedure and determination of a working formula for tile 
drainage design. 


THE PROPER SPACING AND DEPTH 
OF TILE DRAINS 


Natural Determining Factors. The type of soil, the 
type of crop, and the climatic conditions are the determin- 
ing factors in the proper spacing and depth of tile lines. 
As a general rule the gently rolling lands do not present 
much of a problem as they have fair natural drainage 
except in the depressions. In such cases the tile lines are 
run up the approximate center of these depressions. The 
flat lands with poor natural drainage are the ones which 
require a thorough investigation in order to design a system 
with the proper spacing and depth. 

The limiting conditions of this study beyond the 
author’s control have not permitted of a close scientific 
study of plant development in relation to excess free water 
in the soil, so that this phase of the problem of tile drain- 
age design is considered to be outside the scope of the 
present discussion. Therefore, in the following final analy- 
sis of the data covered in this study and in the develop- 
ment of a practical rule of design, the author confines the 
argument to certain soil characteristics which he believes to 
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be the most potent factors governing the effectiveness of 
any tile drainage system. 

The Rate of Drop of the Ground Water at Mid-Point 
Between Tile Lines. The rate of drop of the ground water 
at the mid-point varies considerably according to the previ- 
ous moisture condition of the soil and to the temperature, 
being very rapid when the subsoil is low in moisture con- 
tent and warm. (See Figs. 1 to 4). The average rate of 
drop for each of the first four 6-in intervals for each of the 
four observation stations is given in Table II. When the 
subsoil is low in moisture content the greatest movement 
is downward, while when the subsoil is already saturated, 
the movement is lateral, and in most cases the lateral move- 
ment is much slower than the vertical. In the early spring 
and late fall when both the soil and precipitation are cold, 
the movement is much slower, but, at these times, there is 
no need of having the free water removed so quickly. (See 
Table II.) A heavy crop on the ground accelerates the drop 
through transpiration by the plants. Then, too, when the 
transpiration is great, the reservoir for additional storage of 
water is rapidly enlarged, as will readily be understood 
when it is realized that the maximum transpiration for corn 
is 1/4, in per day. For other grains it is slightly less. 

(Concluded in the July AGRICULTURAL ENGINEERING) 


Unloading Characteristics of Orchard Sprayer Pressure Regulators 
(Continued from page 193) 


the spray lines are closed, as shown by the curves; and the 
greater the operating pressure, the greater is this increase. 


CONCLUSIONS 


1 The factors affecting the unloading characteristics 
of the standard pressure regulator are (a) the spring con- 
stant, (b) the areas of the diaphragm or piston and the 
valve seat, (c) the valve stem clearance, and (d) the total 
length of the spring. 

2 The velocity of the liquid through the by-pass valve 
is sufficient, in some cases, to cause a back pressure on the 
pump, thus preventing the regulator from unloading. 


3 The power unit can be unloaded to one-fifth of the 


power required to operate the spray line (a) if the regu- 
lator is in good mechanical repair, (b) if a spring is used 
that can be compressed a large amount, (c) if the area of 
the diaphragm or piston is not more than five times the 
area of the by-pass valve seat, and (d) if the valve-stem 
clearance is set properly. 

4 The relief-valve type of regulator is a good pressure- 
control device, but increases the horsepower instead of 
unloading the power unit. 

6 The check valve in the standard-type regulator must 


prevent the liquid from leaking, in order to unload the 
power unit. 


A Philosophy of Abundance 


‘* IS typical of engineers to seek for Truth, no matter in 

what strange or hostile guise she may be found. For this 
reason, then, if for no other, engineers will scarcely be satis- 
fied with allying themselves to the cause of the durable- 
goods industries on the grounds of self-interest alone. As- 
sailed by doubts of the social justice of the industrial sys- 
tem raised by certain abuses of speculation and finance, by 
apparent failure of mass purchasing power, by periodic 
unbalance in the price structure affecting the exchange of 
goods and services, and by a frequently voiced suspicion 
that productive capacity is in excess of normal requirements, 
engineers need to establish a fundamental social philosophy 
to which they can cling with faith that its validity can and 
will be justified. Once this philosophy is set up, it should 
be the duty of engineers to preach it unremittingly so that 


its wide acceptance will provide the means by which man- 
kind may live more abundantly. 


There are many who believe that a philosophy of abun- 
dance can be more logically and successfully defended than 
a philosophy of restricted production. It is this philosophy 
that engineers should vindicate and disseminate. Upon their 
knowledge and skill it rests and its broad acceptance in an 
atmosphere sympathetic rather than hostile to it should lead 
to wide-spreading growth of standards of living and well- 
being. 

If engineers do not embrace and promulgate the phi- 
losophy of abundance they may as well resign themselves to 
the lean living of the past few years. They cannot of them- 
selves force the acceptance of this principle upon the world, 
but they can help mightily, and they may as well start by 
doing everything in their power to revive and stabilize the 
durable-goods industries, even if they lay themselves open 


to the charge of self-interest.—Editorial from the June 1934 
Mechanical Engineering. 
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HAY CURING: IIL Relation of Engineering 
Principles and Physiological Factors' 


By T. N. Jones* and L. O. Palmer’ 


strict observance of the natural forces, properties, or 

factors concerned, in order that even a fair degree of 
success may be attained. Failure to consider these would 
lead immediately to the assumption that inert matter is 
dealt with in surroundings that are so fixed as to never be 
altered by either external or internal conditions. This, of 
course, is a purely hypothetical case, for all investigations 
are concerned with substances that possess certain qualities 
or properties which exert an influence upon the environ- 
ment and in turn are more or less influenced or controlled 
by certain factors of this environment. 

This is as true perhaps of engineering as of any other 
branch of science, and it would seem that the agricultural 
division of this branch would especially benefit by a tho- 
rough knowledge and consideration of the laws of nature 
pertaining to the plant kingdom and to the soil. In recog- 
nition of this fact, plant physiology and agricultural engi- 
neering have been cooperating at the Mississippi Agricul- 
tural Experiment Station since 1931 in an effort to deter- 
mine the fundamental principles underlying the field curing 
of forage crops. 

One phase of this work deals with the rate of curing 
of alfalfa hay when handled by different field methods 
and the corresponding behavior of the stomata as a prob- 
able explanation of the results obtained as well as a deter- 
mination of the factors to be controlled. This matter may 
be deemed insignificant or irrelevant unless we are aware 
of the tremendous amount of moisture that plants give off 
to the surrounding atmosphere by the process of transpir- 


L ALL SCIENTIFIC investigations there must be a 


Third paper of a series setting forth the results of three years’ 
research in hay curing at the Mississippi Agricultural Experiment 
Station. Parts I and II were published in the August 1932 (Vol.13, 
No.8) and June 1933 (Vol.14, No.6) AGRICULTURAL ENGI- 
NEERING, respectively. This paper was presented at a meeting of 
the Southern Section of the American Society of Agricultural Engi- 
neers helds at Memphis, Tennessee, January 1934. 

*Agricultural engineer, Mississippi Agricultural Experiment Sta- 
tion. Assoc. Mem. A.S.A.E. 


*Plant physiologist, assistant in agricultural engineering, Missis- 
sippi Agricultural Experiment Station. 


*Miller’s “Plant Physiology’’ (first edition), p. 313. 


"Richardson, A.E.V., 1923: The water requirement of farm 
crops. Jour. Dept. Agr. Victoria. 
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ation’ which is the loss of water in the form of vapor from 
the leaves and young stems. 

Miller* found in Kansas that an acre of corn plants 
transpired during the growing season an amount of water 
equal to eleven inches of rainfall. Richardson’ observed 
that 25 per cent of the total water requirement of alfalfa 
may be evaporated in three-days’ time while in full-bloom 
stage. This amount based on the water requirement in Col- 
orado over a period of seven years would be 6,263 lb per 
hour for an acre producing 2,100 lb of dry hay. Assuming 
that the green hay had an average water content of 70 per 
cent, the required loss of water to reduce it to field-dry hay 
with 15 percent moisture would be 3,850 lb. Therefore, 
when cut at this stage and on a day favoring rapid trans- 
piration, the hay would reach the field-cured stage within 
one hour's time, if it could be handled in such a manner 
as to prevent serious harm to the factors concerned in the 
natural process of transpiration. This asumption is, of 
course, absurd in its entirety, but it does indicate the pos- 
sibility, if not the probability, of more rapid progress if 
engineering practices within this particular field can be so 
directed as to aid the natural physiological processes con- 
cerned. 

Following the work of 1931 as published in AGricuL- 
TURAL ENGINEERING, the procedure was identical except 
for the time of cutting and the precision in regard to time 
and method of windrowing. The time of cutting was fixed 
definitely at 9 a.m. and adhered to without exception, 
while the periods which lapsed between the time of cutting 
and windrowing were more accurately determined. The 
curves shown in Figs. 1 and 2 give the results of three 
years’ work, correlated with all affecting factors. 

These figures show a greater loss of moisture for a day’s 
period under all conditions by this more efficient method of 
handling than was true in the first year’s work. The differ- 
ence between the minimum moisture content reached for 
the first day in the different positions for these two cases 
cited was: 7 per cent for the swath, 9 per cent for the single 
and 1.5 percent for the double windrows raked as cut, 
6 per cent for the single and 5.5 percent for the double 
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windrows raked 2 hr after cut, 6.5 per cent for the single 
and 4.5 percent for the double windrows raked 4hr 
after cut. 

The hay that was double windrowed 2hr after cut 
surpassed all other tests in moisture loss for the day by 
reaching the low level of 18.5 percent by 6:00p.m., 
which was 9hr after cut. Next in order was the double 
windrow raked 4 hr after cut which’ reached 19.5 per cent 
at the end of the same period. The double windrow 
raked as cut lost less moisture than any of the other tests, 
as shown in the first paper of this series. 

In the single windrows there was a difference of only 
2 percent in moisture content at the end of the day for 
the hay raked at the different intervals. This existing 
difference between the hay windrowed as cut and that 
windrowed 2hr after cut is in favor of windrowing as 
cut as contrasted with 1931 results favoring windrowing 
2hr after cut. That which was windrowed 4hr after cut 
was midway between these two. 

As an improvement over the methods used in making 
the physiological study as described in the first and second 
papers of this series, a Loica camera was purchased so that 
photomicrographs might be obtained to replace the Camera- 
lucida drawings of the stomata. The technique used in the 
preservation of leaves and the actual making of mounts 
for the study were the same as described in the second 
paper. With the aid of the special Loica attachment the 
highly magnified epidermis containing the stomata were 
photographed without any process of staining to introduce 
the danger of distortion. Dupont 1/4-speed Panchromatic 
film with process development and a contrast paper gave 
prints which showed clearly the outline of stomatal pores 
and shrinkage of protoplasm within the epidermal cells 
as dehydration progressed. The 35 mm negative film can 
be enlarged to produce a print 8 by 10in, if desired. 
The accompanying prints show the epidermis of the leaf 
enlarged 900 times actual size. The photomicrographs ob- 
tained are considered more accurate and authoritative, since 
they eliminate all doubt of any personal element or inter- 
pretative error in the graphic representations. 

Results of this work as shown by the accompanying 
prints indicate that at the end of 2hr in the swath the 
stomata are practically closed and plasmolysis of the cell 
content is rapidly advancing. However, when the hay is 


double windrowed at the end of this two-hour period, * 


the stomata reopen. This reopening of the stomata is ac- 
companied by an increase in the rate of moisture loss fol- 
lowing windrowing (Fig.2). 

As stated in our first paper, the greater part of the 
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plant moisture is lost through the stomata of the leaves. 
As shown in Fig.3, the leaves of alfalfa lose moisture much 
more rapidly than do the stems when the two are separated 
and allowed to dry separately, thus going parallel with the 
theory that the leaves are especially adapted to the loss 
of moisture. When the hay remains in the swath, a large 
percentage of the leaves are exposed to the direct rays of 
the sun, and the moisture loss is much more rapid than 
the normal renewal of moisture from the stem. Conse- 
quently, there is a shortage of moisture in the leaf, and as 
the cell walls bordering on the intercellular air passages 
become dry, the remaining water retreats to the cell cavities, 
thereby causing the protoplasmic content of the cells to 
shrink, similar to that for the ordinary epidermal cells. 
As this shrinkage occurs the surface tension of the remain- 
ing water increases, while the vapor pressure decreases, 
thereby resulting in a serious check of evaporation from 
the leaf. The guard cells begin to lose their rigidity, due 
to dehydration, and the size of the stomatal pore decreases 
until almost complete closure results when the water con- 
tent of the leaf falls below the working margin. 

When the hay is double windrowed after a two-hour 
period in the swath, the temperature surrounding the leaves 
inside the windrow gradually falls and the relative hu- 
midity rises. Tests in 1932 showed that the temperature 
inside the windrow was 5 to 8 deg (Centigrade) lower in 
the double windrow 3hr after cut than in the swath, 
while the relative humidity was 10 percent higher in the 
double windrow than in the swath at the same time. A 
combination of these factors favor a temporary check in 
the moisture loss from the leaves sufficient to permit the 
cell walls bordering the air spaces of the leaf and the 
stomatal chambers to again reach the saturation point 
and for the guard cells to become more turgid and begin 
reopening. After this takes place it seems that the par- 
tially opened stomata, and the lower temperature, and the 
higher relative humidity of the air surrounding the leaves 
tend to keep the leaf functioning somewhat in its natural 
capacity, so that the water of the stem has a freer outlet 
for evaporation; thus the total moisture content of the 
plant is reduced rather than the leaves only, as was true 
to a great extent in the swath. These factors in conjunction 
with reduced light intensity favoring the preservation of 
chlorophyl, and a more uniform drying of stems and 
leaves favoring the retention of leaves, served as a basis 
for the recommendation of windrowing. In all cases where 
the hay was windrowed after a definite period in the swath, 
there was an increase in the rate of moisture loss over 
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PHOTOMICROGRAPHS SHOWING THE BEHAVIOR OF STOMATA OF ALFALFA LEAVES AFTER CUTTING. (LEFT) TAKEN FROM GREEN PLANTS 
AS CUT, AT 9:00 A.M. (MIDDLE) TAKEN FROM SWATH 2 HR AFTER CUTTING (11:00 A.M.). (RIGHT) TAKEN 3 HR AFTER CUT (12:00 N) 
FROM DOUBLE WINDROW (RAKED AS CUT) 


that of the swath, even within the first hour after win- 
drowing. 

Therefore, the practice of windrowing 2 hr after cut 
for a double windrow, and as cut for a single windrow, 
considerably prolongs the natural physiological process of 
transpiration, resulting in hay with a lower moisture con- 
tent, better color, and more leaves at the end of a day’s 
curing. 

In the single windrow which was raked as cut there 
was probably sufficient protection from the sun to prevent 
a complete closure of the stomata, while at the same time 
the roll of hay was not so compact or dense as to prevent 
a fair degree of aeration, thereby removing the moisture 
from the roll almost as rapidly as it was transpired from the 
leaf. When windrowed 2 and 4 hr after cut, however, the 
decrease in temperature and increase in relative humidity 
surrounding the leaf seem to be insufficient to parallel the 
behavior which occurs in the double windrow, as shown 
by a comparison of Figs. 1 and 2. The difference in mois- 


ture content of these two cases is within the range of ex- 
perimental error. 


In an effort to further hasten the process of curing hay 
plants, an experimental machine for crushing was devel- 
oped and used with marked results. For instance, Johnson 
grass that was cut and crushed by this machine at 10:00 
a. m. had reduced to 25 per cent moisture at the end of a 
7-hr period, whereas the uncrushed hay contained 37 per 
cent at the end of the same period, a difference of 12 per 
cent moisture (Fig. 4). This period terminated at 5:00 
p. m., and at the 25 per cent moisture content the crushed 
hay could safely have been stored in bulk in the barn. By 
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cutting and crushing the hay an hour or more earlier in the 
day, the possibility of curing the Johnson grass in one day 
is almost a certainty. This machine which is now being re- 
built is designed to work as an attachment to the tractor 
mower. Therefore, an extra operation is not necessary for 
crushing the hay. 


As stated in the first article, the difference in the type and 
size of stems of Johnson grass and alfalfa probably accounts 
for the more favorable response of Johnson grass to the 
crushing process. The curves in Fig. 5 show very clearly 
the impervious nature of the stem wall of Johnson grass, 
since the internodes with the sheath removed lost only 
7 per cent of their total moisture by the end of 7 hr. The 
amount of water which passed out through the stem wall 
and through the cut end was not great, as shown by the 
curves, but the lateral or longitudinal splitting of the 
stems by crushing gave a rapid increase in moisture loss 
which totaled 29 per cent of its original moisture content at 
the end of the 7-hr period. These experiments were con- 
ducted on different days, but the data were correlated to the 
same climatological basis. 


Soybeans crushed with this machine reached a moisture 
content of 27 per cent at the end of 6hr after cutting and 
crushing, while the uncrushed hay still contained 42 per 
cent moisture at the end of the same period (Fig. 6). These 
tests were made in October after the days were consider- 
ably shortened and the temperature was below the summer 
average. Therefore, with a longer day and higher temper- 
ature of the normal haying season, commercially dried 
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soybean hay might well be expected as a result of crushing. 


SUMMARY 


1. The practice of windrowing alfalfa hay aids a con- 
tinuation of the natural physiological process of transpir- 
ation, resulting in a greater moisture loss for a day’s period. 

2. Double windrowing two hours after cut furnishes 


hay with a better color, larger percentage of leaves and a 
lower moisture content at the end of the day. 
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3. Data indicate that the leaf of alfalfa plants aid great- 
ly in lowering the moisture content of the entire plant. 


4. Photomicrographs showed a reopening of the sto- 
mata following windrowing two hours after cut. 

5. The process of crushing large-stemmed hays such 
as Johnson grass and soybeans will permit a needed change 
in methods and time required in curing. 


AUTHOR'S NOTE: The field experiments were conducted at 
the Alfalfa Station at West Point, Mississippi. 


Reinforced Concrete Shell Roof Construction 
on Modern Dairy Barn 


dag system of roof construction is used on a farm 

building. Brook Hill Farm at Genesee Depot, Wiscon- 
sin, in cooperation with Starline Inc. of Harvard, Illinois, 
use this roof construction on the stable portion of their ex- 
hibition building at the 1934 Chicago World’s Fair. A 
herd of 30 pure bred Wisconsin cows, housed in the stable, 
will produce certified Vitamin D milk which the public 
will see as it passes from cow to bottle. 

The Zeiss-Dywidag system originated in Germany and 
has been used extensively in Europe and South America 
for roofing structures where a large area of unobstructed 
floor space is required. The economy, fire-safety, and prac- 
ticability of the construction already demonstrated led to 
its adoption for the barn of the Brook Hill Farm exhibit. 

The outside dimensions of the barn are 36 by 72 ft. 
Concrete masonry walls support the roof, which consists 
of five standard barrels, each 14 by 34 ft. The stiffening 


Fe THE FIRST time in this country the Zeiss-Dywi- 


7 Inese operungs ave omitted in Front mel! 
J of building Phere wi! be ne windows, 
therefore cress hatched section wil! bea 


5 Caemoness a i pert of the solid gebies. 
a . 


NAT = 


voadaddia (__ evennctattdd 
i Lrop of meya.te dicck mat 


tee eae } 
ES no" 


TRANSVERSE SECTION 


Secrion of Tyeicas Eno Feames (Canes) 


witn Winoows (Rear Watt ) 


Secrion or Trercas Eno Frames (Gasres) 
witwour Winoows (Front Wait) 


Lo, 


D Dera Secrion ToRouvoH Vai.er 


(A) TRANSVERSE SECTION. FIVE 3-IN THICK REINFORCED CONCRETE 
BARRELS ROOF AN AREA 34 BY 70 FT WITHOUT INTERIOR COLUMNS. 
(B) SECTION OF TYPICAL STIFFENING AND FRAMES (GABLES) ; 
THE REINFORCEMENT AROUND A WINDOW IS SHOWN. (C) SECTION 
OF TYPICAL FRONT WALL STIFFENING END FRAMES (GABLES), 
WITHOUT WINDOWS. (D) DETAIL THROUGH VALLEY BETWEEN RE- 
INFORCED CONCRETE BARRELS, SHOWING ARRANGEMENT AT REIN- 
FORCEMENT 


diaphragms in the end gables and the beams at the outer 
edges of the end barrels bring the eaves of the roof flush 
with the outside of the 12-in thick hollow walls. 

Steel forms were used for the gable diaphragms and the 
outer edge beams. Steel ribs supported the barrel forms. 
The steel units were standardized so they may be used 
repeatedly on similar structures. 

The arched steel ribs were tied against spreading by 
tension rods made adjustable by turnbuckles. They were 
spaced 3 ft 6in apart, and were supported by curved steel 
beams running lengthwise of the barrels. The curved 
beams were required because the roof was given a double 
curvature to increase the clearance over the center aisle 
through the barn. The double curvature is not essential to 
the action of the roof, and this job, as far as known, is 
the first application of double curvature to a barrel shell 
roof. 

Over the steel ribs, 1-by-6in sheeting lumber spaced 
about 4 in apart was laid to support 4-ft wide plywood 
panels. By using plywood a smooth under surface was ob- 
tained, and the forms were quickly erected as very little 
cutting and fitting was required. 

Forms for only three barrels were constructed. After 
the concrete had hardened sufficiently to permit removal 
of the forms, two sets were shifted to the position of the 
remaining two barrels. 

The reinforcement for the barrels proper was relatively 
light; \4-in, 34-in, and 1-in bars were distributed in 
accordance with the intensity of the tensile stress. The 
thickness of the barrels was 3 in at the crown and only 
slightly more at the springings. The 3-in thickness was in 
excess of that required for the load and span, but was 
provided to give the roof added insulating value. Ordi- 
narily corkboard or other insulating material will be used 
on the under side of the barrels, but this was deemed un- 
necessaty because the building is to be used only during 
the summer months. 

One day after placing the concrete, the roof was water- 
proofed with a coat of a special material. It also served 
the purpose of sealing the mixing water in the concrete, 
insuring satisfactory curing. The under side of the barrels 
was painted to harmonize with the interior treatment of 
the whole structure. 

Shell vaults offer a solution to the problem of econom- 
ically roofing buildings of large area with concrete. This 
advancement in reinforced concrete design substitutes a 
shell structure subjected only to direct tensile and com- 
pressive stresses for beams, frames, and arches which must 
resist bending stresses and are therefore limited as to span 
length. The thin roof cover formerly supported on rafters, 
purlins, and heavy trusses becomes self-supporting. 
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Water Penetration in Hardpan Citrus Soils’ 
7 By Colin A. Taylor’ 


UE TO THE FACT that moist soil can be readily 

compacted, there has been a gradual development 

of hardpan in orchards where cultural operations 
are carried on when the soil is moist. The degree of com- 
paction depends on the soil type, the relative wetness of 
the soil, and the traffic load it must bear. All soils are 
affected, but the effect is least noticeable with sand and 
much more marked with loams and clay loams. Plow sole 
may be formed very quickly on these latter soils, and they 
are sometimes aaaned to as “hardpan” soils, the reference 
being to the dense layer of soil just below the usual depth 
of cultivation. The pressure of the hardpan or plow sole 
soon becomes apparent in a noticeable reduction in the 
ability of the soil to absorb water. 

When an orchard is set out on new land, very little 
trouble is ordinarily experienced in getting irrigation water 
into the ground. But often, quite early in the life of the 
grove, it is noticed that the soil takes water less readily. The 
same head of water must be spread out into more and more 
furrows and held in the furrows for increasing lengths of 
time. As the plow sole develops, the penetration of water 
becomes more and more irregular, and it is then very diff- 


‘Paper presented at a meeting of the Pacific Coast Section of 
the American Society of Agricultural Engineers, at Pomona, Calif., 
November 1933. 


“Assistant irrigation engineer, Bureau of Agricultural Engineer- 
ing, U. S. Department of Agriculture. Mem. A.S.A.E. 
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FIG. | 


FIG. 1 FURROW IRRIGATION SYSTEM. 


cult to wet the soil uniformly. As the trees mature, traffic 
is centered more nearly midway between tree rows, and the 
soil under the spread of the tree is left uncultivated. Wide 
differences develop in the ability of different areas to ab- 
sorb water, and the efficiency of irrigation may become 
very low. The efficiency of irrigation is defined as the per- 
centage of the water applied that appears as soil moisture 
within the root zone of the crop. 

If we consider the problem solely from the standpoint 
of water economy, it can be shown that this phase of the 
hardpan problem is of vital concern to all of those con- 
nected with the irrigation of citrus orchards. A very large 
percentage of the citrus acreage on loam and clay soils 
is furrow irrigated, and it is a matter of common observa- 
tion among irrigators that furrows next the trees ‘‘take the 
water,” while in the furrows midway between the rows a 
little water goes a long ways. In Table I, some data are pre- 
sented that bear out this statement. 


TABLE I. Rate of Absorption of Water in Irrigation Furrows in 
30-Year-Old Naval Orange Grove on Yolo Gravelly Loam, 
Corona, California, October 31, 1933 


Absorption of water in 360 feet of furrow 


Row Furrow number 

1 2 3 4 5 
sec-ft sec-ft sec-ft sec-ft sec-ft 
3 0.0080 0.0015 0.0017 0.0012 0.0045 
7 0.0025 0.0013 0.0015 0.0020 0.0050 
17 0.0040 0.0007 0.0015 0.0025 0.0073 
27 0.0032 0.0017 0.0015 0.0010 0.0020 
29 0.0060 0.0020 0.0017 0.0007 0.0028 
Average 0.0047 0.0014 0.0016 0.0015 0.0043 


0.0045 sec-ft 
0.0015 sec-ft 


Average of furrows Nos. 1 and 5 
Average of furrows Nos. 2, 3, 4 


These tests were taken in an orchard at Corona in which 
the plow sole would not ordinarily be considered bad. The 
trees are vigorous and have excellent root systems. The 
yield is over 700 field boxes per acre. Yet the efficiency of 
irrigation is low when considered as the percentage of 
water applied that appears in the root zone. How could it 
be otherwise with such variable absorption rates as shown 
in this table? The highest absorption rate shown is 0.0080 
sec-ft in 360 ft of furrow and the lowest rate 0.0007 sec-ft 
—a ratio of nearly 12 to 1. Five furrows are used in this 
grove, and furrows Nos. 1 and 5 pass within 6 ft of the tree 
and may be termed “‘tree’’ furrows. The average absorption 
in these “tree” furrows was 0.0045 sec-ft, the highest rate 
0.0080 sec-ft and the lowest 0.0020 sec-ft—a ratio of 4 to 1. 
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FIG. 2 


FIG. 2 CROSS SECTION OF SEVEN-FURROW SYSTEM WITH 3-TO-1 SIDE SLOPE 
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FIG. 3 GRADER-BLADE ATTACHMENT FOR LAYING OUT FURROWS 
WITH 3-TO-1 SIDE SLOPE 


In the remaining furrows, Nos. 2, 3, and 4, the average 
absorption rate was 0.0015 sec-ft, the highest 0.0025 sec-ft, 
the lowest 0.0007 sec-ft—a ratio of nearly 4 to 1. 

Noting the different absorption rates in the “tree” fur- 
rows as compared to the center furrows, a logical division 
is to run these groups separately. From Table I, it would 
appear that water should be held in the center furrows three 
times as long as in the “tree” furrows. 

A still further improvement can be had by shortening 
the length of run for the ‘‘tree” furrows. The variation in 
absorption rates shown in Table I are for furrow runs 360 
ft long, and besides the differences shown there is the 
variation in penetration along each individual furrow to 
consider. Shortening the length of furrow is most effective 
in increasing the efficiency when the soil takes water readily 
and less so when the absorption rate is low. When the 
absorption rate is high as in the “tree” furrows, there is a 
relatively large volume of water near the head of the fur- 
row, but the wetted contact area decreases rapidly as the 
distance from the head stand increases. A new pipe line 
might be laid across the grove midway of the length of the 
present furrows but designed to deliver water to the “‘tree” 
furrows only. The “‘tree’’ furrows will then be 180 ft long 
and the three center furrows will continue 360 ft long as at 


\present. This should increase the efficiency of irrigation 


without increasing the labor cost of irrigating. The pro- 
posed lay-out is shown in Fig. 1. An increasing number of 
growers recognize the variations that occur between fur- 
rows and are now testing the penetration of water at the 
end of each furrow before turning off the water. 

If the difficulties arising from plow sole were solely a 
matter of water penetration, we might, by careful attention 
to the irrigation, overcome them. But poor water penetra- 
tion is also associated with poor aeration. The citrus tree 
is shallow rooted and does best on open, well-aerated soils. 
In groves with a hardpan, we usually find few roots under 
the hardpan and the best root development in under the 
tree away from the cultivated area. Lateral penetration in 
from the “tree” furrows to the active feeder root areas is 
in many groves the chief source of sustenance for the tree, 
and in such groves the elimination of the plow sole is 
certain to result in improving the vigor of the tree and 
increasing production. 

A cooperative study on the relation of irrigation to the 
yield and quality of lemons is now under way in southern 
California by the Bureaus of Agricultural Engineering and 
Plant Industry of the U. S. Department of Agriculture. 
The Division of Irrigation of the Bureau of Agricultural 
Engineering is conducting the irrigation work, and we have 


FIG.4 FURROW SWEEPS USED FOR THE CONTROLLING OF WEEDS 
IN THE FURROWS 


given some attention to the hardpan problem during the 
past four years. A cultural program has been worked out 
that calls for a minimum amount of cultivation and traffic 
over the soil. Broad shallow furrows are used with side 
slopes of about three to one. The furrows are laid out in 
the spring and left for the summer. Seven furrows have 
been used as shown in Fig. 2. 

The furrow spacing is 28 in so that furrows Nos. 3 and 
5 are 56in apart, which is the standard tread distance. 
These two furrows are left dry and designated as wheel 
furrows. All wheel traffic resulting from fertilizing, pick- 
ing, spraying, firing, etc., is confined to these furrows. We 
are in this way setting aside these two narrow strips of soil 
for the wheel traffic, and with the furrows for a guide it 
stays there instead of meandering around and eventually 
compacting a wide strip of soil in each lane. When the 
furrows were laid out last year, we simply attached a grader 
blade in back of the ordinary furrowing-out shovel as 
shown in Fig. 3. 

This year furrow sweeps were designed and constructed 
for the purpose of controlling weeds in the furrows with 
the least possible disturbance to the ridges between the 
furrows. These are shown in Fig. 4. The sweeps are drawn 
through the furrows just before each irrigation when the 
soil is dry. The cutting depth may be as little as one-half 
inch or as deep as desired. 

In the late fall, bulky organic fertilizer is spread in the 
furrows and the grove disked lightly to cover the organic 
material enough to allow for decomposition during the 
winter. The minimum of disking is planned, as it is desired 
to conserve all the feeder roots possible to absorb moisture 
for use by the tree during the high north winds that are 
apt to occur at this season of the year. Next spring the 
soil will be disked as soon as it is dry enough and the 
furrows again laid out for the following irrigation season. 

With this program we accomplish several beneficial 
results. There is a minimum of cultivation and soil dis- 
turbance. The three to five inches of loose soil that was 
formerly cultivated and used to form furrows throughout 
the summer is now available to the feeder roots. The roots 
of the small weeds that start after each irrigation improve 
the soil structure and the activities of worms aid in its 
further improvement. This structure is not repeatedly brok- 
en down during the summer under the new program. Traf- 
fic is confined to definite lanes and kept off moist soil. 
The plow sole or hardpan is thereby reduced to a minimum 
and better penetration of water and higher efficiency in 
irrigation should result as well as an improvement in the 
vigor of the trees. 
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Labor-Saving: Misnomer or Not? 


N THIS ISSUE are letters from Messrs. Davidson and 
McKibben challenging the proposal to adopt a substi- 
tute for the term “labor-saving” as suggested last month 

in these columns. Though received and published as letters, 
they might with equal propriety have taken the form of 
signed editorials. 

This clash of friendly opinion—it happens that, though 
the two engineers informally quoted last month were not 
identified, all four are personal friends—will serve a use- 
ful purpose if it provokes quantitative economic studies to 
remove the question from the realm of intelligent opinion 
to that of demonstrated fact. 

Mr. McKibben points out that though the result of 
machinery usage may include labor-shifting, the motive for 
its adoption is or should be a net gain in value or reduc- 
tion in cost per unit of product, which ultimately must 
mean a saving in human effort. The question then is 
whether the machine should be named on the basis of 
motive, or according to result; and, in the latter case, how 
much weight should be assigned to diversion and to net 
decrease, respectively. 


We believe it important to establish and emphasize the 
difference between (1) the machine’s influence on labor con- 
sumed in a specific operation or unit of product and (2) 
its total, ultimate effect on the employment of and reward 
for human service. There is a tendency to assume that (1) 
and (2) move together, and this assumption no doubt is 
to blame for much of the talk, heard in recent years, about 
labor being the victim of the machine. Our own opinion, 
admittedly subject to proof, is that while (1) has seemed 
to decrease steadily during our period of observation, say, 
a generation, it has been accompanied by (2) remaining 
unchanged or increasing slightly. 


While this view, right or wrong, does not bear precise- 
ly on the question of labor-saving as a misnomer or other- 
wise, it does bear on the social value of machinery. And 
this social value is rightly enough uppermost in popular 
opinion, however wrong such opinion may be in its analysis 
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of costs and benefits. Far from seeking to stifle this clash 
of opinion among friends and experts, we believe it should 


be continued, bringing to bear more and more statistical 
evidence. 


“Labor-Saving: A Misnomet” 
To the Editor: 


HE EDITORIAL in the May AGRICULTURAL ENGI- 
NEERING, entitled ‘“‘Labor-Saving: A Misnomer.” 
has been read with considerable interest. 


It is recognized by all that, in the application of power 
to farm operations in the use of machines, some of the 
labor originally used in agricultural production has been 
shifted from the farm to the factory. It might be worth 
while to make a careful study of just how much labor has 
been shifted in this way. I believe, however, that it would 
be unfortunate to assume that there has been no reduction 
or labor saving, because it is on the premise of making 
labor more effective that the agricultural engineer justifies 
his existence as far as his interest in power problems and 
the use of machines is concerned. The principle is that the 
fewer people we have producing food and raw materials 
used for food, shelter, and clothing, the more people will 
be available for producing commodities and services which 
contribute to general well-being. 


A closer survey of the situation would indicate that a 
very large contribution to human welfare has been made in 
this connection. It is recognized that approximately 25 per 
cent of the population is now directly engaged in agricul- 
ture. It is not so many years back when the proportion was 
directly reversed and 75 per cent of the population was 
directly engaged in agriculture. Would anyone suggest that 
the difference in these percentages, or 50 per cent of the 
total population, is now engaged in producing equipment 
directly and indirectly for the farm? 

J. B. Davipson 


To the Editor: 


N CONNECTION with the editorial, entitled, ‘“Labor- 
Saving: A Misnomer,” which appeared on page 174 of 
the May AGRICULTURAL ENGINEERING, I wish to offer 

the following suggestions. Please keep in mind that this 
letter is submitted as a basis for friendly discussion. It is 


“not necessary that you publish only what all members of 


our Society agree with, and it is equally true that the mem- 
bers need not agree with all that is published in our journal, 
because to accomplish such agreement it would be neces- 
sary either to have a very dull journal or a very dead Society. 

It is the judgment of many engineers that machines 
have been and are used primarily for the following three 
reasons: (1) to decrease the time required for a given 
accomplishment (time saving), (2) to decrease the human 
energy required for a given accomplishment (work saving), 
and (3) to improve the quality of the work accomplished. 

Machines which decrease the time and human energy 
required for a given accomplishment have been called 
“labor saving.” While there may be a better term for the 
idea involved, the connotation of the term “labor saving’ 
is certainly sound and very descriptive. Also, any machine 
whose design, manufacture, merchandizing, and transporta- 
tion requires as much labor as it saves, probably has a very 
doubtful future. 

While it is true that most machines do divert or shift 
labor, possibly even adjust labor, in practically all cases this 
is only a secondary result; in fact, in most cases labor and 
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management must make adjustments in order to reap the 
benefit of the machines. Labor is adjusted because of the 
introduction of the machine, rather than the machine being 
introduced to adjust labor. 

It would seem that as engineers, we should face the 
facts and maintain our loyalty to the truth. If the principal 
characteristic of a machine is its labor-saving capacity, it 
should be called a labor-saving machine, or some term with 
a similar meaning. If, on the other hand, labor adjusting 
is the primary characteristic of any machine, then such a 
machine could justly be called a labor-adjusting machine. 
In this connection I think it might be well for those who 
wish to substitute the term “labor adjusting’ for “labor 
saving” to supply us with a list of machines which have 
been widely accepted and which were primarily introduced 
because of their labor-adjusting characteristics. 

If labor-saving machines are actually a detriment to 
society, changing their names will not help. If, as we agri- 
cultural engineers have always thought, they are a benefit 
to society, then let us do what we can to so manage these 
machines and do what we can to help society so manage 
itself that it may reap a maximum benefit from such labor- 
saving machines. —E. G. McKiBBEN 


To THE EbITor: 


B= DECIDING whether or not “‘labor-saving’’ is 


a misnomer, it might be well to look into some of 

the oft-cited statistics on the alleged efficiency of the 
farmer, and see whether they mean exactly what we have 
been assuming them to mean. In recent years it has become 
a habit to mention that forty, or a hundred, or two hun- 
dred years ago there was 50, or 75, or 90 per cent of our 
population living on the land and engaged in agriculture as 
compared to the 25 or 30 per cent in the present or imme- 
diate past. It seems to be taken for granted that the trend 
is simply a matter of increased efficiency in farming methods 
and machines. 

With the warning that the figures above and those to 
follow are not statistically exact, but merely rough assump- 
tions to exemplify the argument, let us hark back to the 
time, perhaps in great-great-grandfather’s day, when 90 per 
cent of the population lived on farms and was classified as 
actively agricultural. Suppose that we list their major ac- 
tivities and appraise their social contribution. We would 
find that the farmers of that era 

1 Then, as now, produced raw food and clothing ma- 
terials for 100 per cent of the people 

2 Manufactured clothing (in the farm home) for 
about 90 per cent of the people 


3 Produced fuel (wood) for at least 90 per cent of 
the people 

4 Produced artificial illumination (candles) for prob- 
ably 99 per cent of the population 

5 Produced both power units (animals) and fuel 
(feeds) for some 95 percent of total power usage, in- 
cluding transportation 


6 Produced with farm labor perhaps 50 per cent of 
all building materials 

7 Did 100 per cent of the processing of dairy prod- 
ucts, mainly manufacture of butter and cheese 

8 Performed all slaughter and processing of meat 
products for at least 90 per cent of the population 

9 Performed or obviated the processing of some 95 
pet cent of all other foods except the simple milling of 
cereals 

10 Transported to consumer, retailer, or local miller, 
probably 90 per cent of all foods and fuels 
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11 Performed retail distribution of an unknown, but 
certainly large percentage of commodities then used 

12 Obviated the major part of wholesale distribution 
as we now know it 

13 Performed or obviated most of the personal sales- 
manship, advertising, and sales promotion, including 
printing. 

The 25 per cent or so of our population now classified 
as actively agricultural still perform several of these con- 
tributions to social living, but in amounts so small as to 
be statistically unimportant. We probably think of the 
farmer as performing only, or mainly, function No. 1— 
the production of raw food stuffs and clothing materials. 
It seems not only unfair to our ancestors but no credit to 
our own thinking to assume that the difference between 90 
per cent and 25 per cent is a measure of farming efficiency. 

Before we make any egotistical comparisons between the 
efficiency of our methods and machines and those of great- 
great-grandfather, we must add to the present percentage 
of farm population a proper proportion of those other in- 
dustrial and trade groups which have taken over the jobs 
which he did, and his modern successors do not. Again 
making roughly illustrative assumptions, we should add to 
the present farm people the population engaged in 

1 About 90 per cent of textile industries and garment 
making 

2 At least 90 per cent of industry devoted to domestic 
heat and light, such as coal mining; gas manufacture; pe- 
troleum drilling, piping, and refining; electric generation 
and distribution; and making equipment therefor 

3 Some 95 per cent of production of power plants and 
fuel—steam, electric, and automotive-_for power used in 
industry and transportation 


4 Perhaps 50 percent of structural materials pro- 
duction 


5 Practically 100 percent of the dairy products in- 
dustries 


6 Some 90 per cent of the stockyards and meat-pack- 
ing industries 

7 About 95 per cent of canning, freezing, packaging, 
cold storage, and other industrial food-processing (again 
excluding simple milling of cereals 

8 Probably 90 per cent of railway and highway trans- 
portation of feeds, foodstuffs, and domestic fuels 

9 A large percentage of retail distribution 

10 A major part of wholesale distribution 

11 Most of sales representation, advertising, sales pro- 
motion, and printing. 

Probably even this imposing array is not a complete 
list of the trades which, in greater or lesser measure, must 
be added to modern agriculture to embrace the contribu- 
tions to social living which were made by farm families 
when they comprised 90 per cent of the population. If and 
when we can complete the list and insert accurate values 
for these rough assumptions, then the sum of them, plus the 
existing farm percentage of population, will afford an index 


to the overall efficiency of the modern equivalent of the 
old-time farmer. 


Taking the present farm population at 25 per cent and 
comparing it with the 90 per cent point, 65 per cent of our 
total population has been displaced from agriculture. Of 
this 65 per cent it seems to this writer probable that more 
than half has been shifted to the occupations listed above 
as compensating for the greater specialization in agriculture, 
and that less than half has been “‘Iabor-saved.”” If so, those 
who prefer the term “labor-adjusting” or “labor-shifting” 
may find firm ground on which to contend their case. 


(Continued on page 214) 
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Canadian Agricultural Engineers to Meet 


HE CANADIAN Section of the Amer- 

ican Society of Agricultural Engineers, 

which also functions north of the inter- 
national boundary as the Engineering Group 
of the Canadian Society of Technical Agri- 
culturalists, will meet at the time of the 
annual convention of the latter organization 
to be held this year, June 25, 26, ard 27, at 
Macdonald College, Quebec. 

This meeting occurs the week following 
the 28th annual A.S.A.E. meeting at De- 
troit, and the Canadian group of agricul- 
tural engineers extends a cordial invitation 
to those attending the A.S.A.E. meeting to 
cross over to Canada for their meeting. 

The agricultural engineering program at 
the C.S.T.A. convention is still in the pre- 
liminary stage, but the following contribu- 
tions have already been arranged, which 
promises a program of unusual interest for 
agricultural engineers: 

1 “The Economics of Farm Mechanica- 
tion,” by Arnold P. Yerkes, International 
Harvester Company. 

2 “History of Drainage Extension in 
Ontario,” by F. L. Ferguson, Ontario Agri- 
cultural College. 

3 “Forced Ventilation of Dairy Barns,” 
by W. C. Harrington, extension agricultural 
engineer, Massachusetts State College. 

4 “Storage Houses for Apples,” by C. I. 
Gunness, professor of agricultural engineer- 
ing, Massachusetts State College. 

5 “The Effect of Underdrains on the 
Water Table of Some Quebeck Soils,” by 


Robert Millinchamp, agricultural engineer, 
Macdonald College. 

6 “Electric Heating of Hotbeds,” by W. 
G. Mainguy, Shawinigan Water and Power 
Company. 

7 ‘Mechanical Milk Coolers on Farms,” 
by J. W. Purcell, Hydro Electric Power 
Commission. 

8 “Recent Improvements in the Design 
and Construction of Agricultural Machin- 
ery,” by G. T. M. Bevan, chief engineer, 
Massey-Harris Company. 

The open sessions of the C.S.T.A. meet- 
ing will, in addition to business matters, 
deal with the trend in marketing legisla- 
tion. The opening of the new Parisitology 
Institute will take place on Wednesday af- 
ternoon, June 28, and on Thursday, June 
29, the convention attendants will spend 
the day at Oka Agricultural Institute, the 
Trappist Monastery near Montreal. Inci- 
dentally, the latter is a very interesting 
place as the monks do practically all their 
own construction work, being skilled car- 
penters and machinists and have a consider- 
able amount of equipment. It is said that 
they have one of the largest barns in Can- 
ada. On Friday and Saturday of the week 
on which the convention is held there will 
be a motor trip to Quebeck City. Transpor- 
tation will be provided for A.S.A.E. mem- 
bers who arrive at Macdonald College by 
train. The Quebec Department of Agricul- 


. ture will arrange special cars to take care 


of visitors at the convention. 


Pacific Coast Section in Joint Meeting 


OT ONLY will the Pacific Coast Sec- 
tion of the American Society of Agri- 
cultural Engineers meet with the 94th 

conference of the American Association for 
the Advancement of Science to be held at 
Berkeley, California, June 18 to 23, and 
participate with thirty other scientific or- 
ganizations in the conference, but also the 
names of several A.S.A.E. members are fea- 
tured on the program of the conference. 

At the aeronautics-hydraulics Meeting, 
sponsored jointly by the Institute of the 
Aeronautical Sciences and the American So- 
ciety of Mechanical Engineers, F. C. Scobey, 
U.S.D.A. Bureau of Agricultural Engineer- 
ing, will present a paper, entitled “Open 
Channel Flow,” and L. S. Wing, engineer, 
California Farm Bureau Federation, wilh 


present a paper, entitled “Pump Engines 
and Motors,” the discussion of which will 
be led by B. D. Moses, University of Cali- 
fornia. 

In a joint meeting of the Hydrology Sec- 
tion of the American Geophysical Union 
and the A.S.A.E. Pacific Coast Section, M. 
R. Lewis, U.S.D.A. Bureau of Agricultural 
Engineering, will preside at one of the ses- 
sions, at which a paper, entitled ‘Transpira- 
tion and Evaporation from Areas of Na- 
tural Vegetation,” by Colin A. Taylor, also 
of the Bureau of Agricultural Engineering, 
will be presented, followed by supplemen- 
tary data and discussion by Major O. V. P. 
Stout, an Honorary Member of the Society 
and the first McCormick medalist. 


Necrology 


Kay Iverson Church, who for seven years 
was employed ‘as a field agricultural engi- 
neer of the Portland Cement Association in 
the Kansas City territory, was instantly 
killed in an automobile accident recently 
near his home city, Wichita, Kansas. 

Mr. Church was born at Haddam, Kan- 
sas, January 15, 1898, and graduated from 
the agricultural engineering course at Kan- 
sas State College in 1923; he obtained a 
professional degree from the same institu- 
tion in June 1927. 

Upon graduation in 1923 he entered the 
employ of the Russell Machinery Company's 
branch at Wichita, in charge of the repair 


sales department, assisting also in office 
sales of new and used machinery. In Janu- 
ary 1925 he became associated with the 
Kansas City office of the Portland Cement 
Association as field agricultural engineer, 
devoting his attention to improving and 
extending the uses of concrete on farms in 
Kansas, which position he held until about 
three years ago. Since that time he has 
been the owner and operator of the DeLuxe 
Cabin Camp at Wichita, and last year 
served as president of the association of 
camp owners for Kansas. 

Mr. Church is survived by Mrs. Church, 


a daughter, two sons, his parents, and two 
brothers. 


Arkansas CWA Farm 
House Plans 


HE agricultural engineering department, 
"Ttisicteeney of Arkansas, in cooperation 

with the state CWA, has recently pro- 
duced a set of twenty drawings of farm 
houses suitable for Arkansas conditions. 
The publication of these drawings is in 
loose leaf form and they may be obtained 
by writing to the Department of Agricul- 
tural Engineering, University of Arkansas, 
Fayetteville, Arkansas, for 20 cents per 
copy. If quantities of one or more plans 
are desired (in lots of 100 or more) they 
are obtainable at a cost of somewhat less 
than one cent each. 


Personals 


Robert B. Hickok has recently been ap- 
pointed assistant agricultural engineer on 
the Zanesville, Ohio, project of the Soil 
Erosion Service, U. S. Department of the 
Interior. 


D. W. Teare was recently appointed chief 
agricultural engineer of the Bethany, Mis- 
souri, project of the Soil Erosion Service, 
U. S. Department of the Interior. He was 
formerly in charge of agricultural engineer- 
ing instruction at Clemson College in South 
Carolina. 


Walter W. Weir recently received an ap- 
pointment as cooperative agent of the Soil 
Erosion Service, U. S. Department of the 
Interior. Mr. Weir will serve the U.S.D.I. 
in a consulting capacity while continuing 
to carry on his work as associate drainage 
engineer, Division of Soil Technology, Uni- 
versity of California. 


New ASAE Members 


F. M. Bozarth, concrete inspector, Grade 
“A”, Kansas State Highway Commission, 
Topeka, Kansas. 

Clarence F. Kelly, state foreman, Illinois 
Department of Conservation. (Mail) Camp 
63-P, Herod, Illinois. 

N. B. Morgan, manager of seed corn 


department, Morgan Brothers, RFD 1, Gal- 
va, Illinois. 


Applicants for Membership 


The following is a list of applicants for mem- 
bership in the American Society of Agricultural 
Engineers received since the publication of the 
May issue of AGRICULTURAL ENGINEERING 
Members of the Society are urged to send 
information relative to applicants for consid- 
eration of the Council prior to election. 


L. F. Lawhon, technician, Emergency 
Conservation Work, Texas Erosion Control 
Camps. (Mail) Box 138, Cleburne, Tex. 

James S. Maze, secretary, W. H. Maze 
Company, Peru, Illinois. (Mail) 2805 7th 
St., Peru, Ill. 

Fowler McCormick, assistant domestic 
sales manager, International Harvester Co., 
Chicago, Ill. 


G. E. F. Pickard, Guernsey, Sask., Canada. 
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Agricultural Engineering Digest 


A review of current literature by R. W. TRULLINGER, senior agricultural 
engineer, Office of Experiment Stations, U. S. Department of Agriculture. 


‘WWI LNRGOUVIUUAONRNDIOUAUENTNLOUARTRUERLRULLUNULUAUERARUOULGGAUARLUULUGOUGROUUGLGRGSUGRUOLGUOOUUUGUL.ULUQRLLUSUULLUU AAU TAU 


THE ATMOSPHERIC CORROSION OF DIFFERENT KINDS OF IRON 
AND MILD STEEL WIRE [trans. title], J. Greger. Statens Provning- 
sanst., Stockholm, Meddel. vol. 58 (1933), pp. 1-12, figs. 3; eng. 
abs. pp. 16, 17. The results of an investigation of the atmospheric 
corrosion of different kinds of iron and mild steel wire during 
long-time exposure in the open air are reported as conducted by the 
Swedish Government Testing Institute. The test material included 
four kinds of mild open-hearth steel, three kinds of mild steel from 
electric furnace, four kinds of charcoal wrought iron, and one kind 
of armco ingot iron. One of the mild open-hearth steels and one 
mild steel from the electric furnace contained copper. All these 
materials were rolled to wire of 5 mm diameter, which was then cold 
drawn to 3mm in the manner used for telegraph wire. The wire 
rings were boiled in a 5 per cent soda solution and then in water 
for cleansing and stabilization. 

Physical tests made included tensile and torsion tests, and tests 
of electrical resistance. The corrosion tests included long-time field 
tests and short-period laboratory spray tests. In the field tests the 
materials were subjected to air contaminated with acid vapors and 
coal smoke and to sea air. 

The corrosion was measured by determining the electric resis- 
tance of the wires in their original condition, and after exposure 
during certain periods. It was determined at the beginning, after 
8 months, after 2 years, and after 4 years. 

In the field tests corrosion was greatest in air contaminated 
with acid vapors and coal smoke, and least in sea air. The two 
copper-bearing steels showed the least corrosion. Of the remaining 
kinds of two open-hearth steels of ordinary quality with ordinary 
amounts of carbon and other constituents showed the least corro- 
sion. The electric furnace steels and the remaining open-hearth 
steel showed the greatest corrosion. The charcoal wrought irons 
and the Armco iron showed very nearly the same corrosion and 
rank between the open-hearth steels of ordinary quality and the 
electric steels. 


CoRROSION TESTS ON MiLD STEEL WIRE BY SPRAY METHOD 
{trans. title}, E. J. Virgin. Statens Provningsanst., Stockholm, 
Meddel. vol. 58 (1933), pp. 12-15; eng. abs. pp. 17, 18. This is a 
report of the laboratory spray tests on the steels noted in the 
above report. 

The spraying device consisted mainly of a circular disk of bake- 
lite which was made to rotate slowly, 1 rpm, in a large porcelain 
container. Thirty test wires of 160 mm length were radially fixed 
on the disk. Two specimens of every one of the 15 kinds of wire 
were thus tested simultaneously. A 3 per cent NaCl solution was 
used. The spray was so arranged that only the mist reached the 
specimens. During the rotation of the disk the specimens were 
continuously revolved one-fifth revolution for each revolution of 
the disk. The specimens were sprayed twice daily, generally for 
10 or 20 min from Monday to Friday and were allowed to dry on 
Saturday and Sunday. The test was continued during 46 days. The 
specimens were then cleaned by cathodic treatment in a 10 per cent 
KCN solution, examined and weighed. The loss of weight averaged 
about 5.5 per cent. 

A comparison of the results of the long-time field tests and of 
the spray tests shows that the corrosion results in the more rapid 
laboratory salt spray test on different kinds of iron and mild steel 
wire do not correspond to the relative atmospheric corrosion of 
the same wires under actual working conditions. 


FIELD AND LABORATORY VERIFICATION OF Soil SUITABILITY, 
R. R. Proctor. Engin. News-Rec., vol. 111 (1933), no. 12, pp. 
348-351, figs. 4. Consolidation and percolation tests of foundation 
soils are described, and results are presented from twenty-seven 
such tests on several types of soils when under loads equivalent 
to fills having depths of from 2 to 200 ft. 

The data on percolation rates and the percentage of the soils 
finer than the 200-mesh screen showed that no definite relation 
exists between them. It is shown, however, that the extent to 
which the soil is compacted is much more important for obtaining 
watertightness than the percentage of fines. 

None of the soils tested showed an excessive percolation rate, 
and most of the rates shown are so low that the soil may well be 
classed as impervious to water. The percolation rates through all 
soils tested are negligible when they are compacted to the condition 


of a minimum plasticity needle penetration resistance of 300 lb 
per square inch when saturated. Any soil that meets this condition 
could probably be used in a dam. It is unlikely that the percolation 


ag would be sufficiently high to erode any of the fines from 
the soil. 


Soi, EROSION CONTROL BY TERRACES, C. E. Ramser. Engin. 
News-Rec., vol. 111 (1933), no. 15, pp. 437, 438, figs. 3. In a 
brief contribution from the U.S.D.A. Bureau of Agricultural Engi- 
neering, the results of research at the several soil erosion experi- 
mental farms on the influence of terrace slope, spacing, and length 
upon the waste of soil and water are summarized. 

Outstanding among the results obtained on the design of ter- 
races is the information collected on the farm at Tyler, Tex., which 
supports the recommendations made in 1916 that a terrace with a 
variable grade is more effective in controlling erosion than a ter- 
race with uniform grade. Measurements of the discharge from two 
terraces 700 ft long, one with a uniform fall of 6 in per 100 ft, and 
the other with grade varying from 0 to 6 in per 100 ft, showed that 
two-thirds more water and one-third more soil were removed from 
the former during the year 1931. At Bethany, Mo., the relative 
efficiency of variable and uniform grades was indicated by an ex- 
periment consisting of two terraces about 1,200 ft long, one with 
a uniform fall of 4in per 100 ft and the other with a fall varying 
from 0 to 4in per 100 ft. Nearly twice as much soil was lost from 
the uniform graded as from the variable graded terrace. 


FEED HOPPERS AND TROUGHS. Mass. State Col. Ext. Leaflet 76, 


rev. (1923), folder, figs. 2. Drawings and a bill of materials are 
presented. 


DIAGRAM REPRESENTING THE REAL PHENOMENA OF COMPRES- 
SION, COMBUSTION, AND EXPANSION IN HIGH SPEED Morors 
{trans. title], A Grebel. Compt. Rend. Acad. Sci. (Paris), vol. 195 
(1932), no. 25, pp. 1230-1232, fig.1. Diagrams are given using 
the coordinates pressure and time. These are considered to be more 
suitable than the pressure volume coordinates for representing the 
effects due to the delayed starting of the initial ignition which 
decides the ultimate performance, the presence or absence of knock, 
and the thermodynamic efficiency of the engine. 


INSULATION FOR House CoNstTRucTION, J. D. Hoffman. Pur- 
due Univ., Engin. Ext. Ser. No. 31 (1933), pp. 31, figs. 19. Tech- 


nical information is given on the computation and installation of 
house. insulation. 


ARTIFICIAL LIGHT AND Its APPLICATION IN THE HoME. Mc- 
Graw-Hill Book Co. (New York and London), 1932, pp. VIII+ 
145 [pls. 2}, figs. 43. This book, which was prepared by the Com- 
mittee on Residence Lighting of the Illuminating Engineering Soci- 
ety, has for its purpose the presentation of a practical, concise, and 
reliable treatment of artificial lighting and its application in the 
home. It contains chapters on light and people, fundamentals of 
lighting, characteristics of incandescent lamps, light and color, 
fundamentals of electricity, wiring for the home, lighting equip- 
ment, and lighting the rooms of the home. A dictionary of il- 
luminating terms is included. 


LUBRICATING OILS WITH COLLOIDAL ADMIXTURES [trans. title], 
O. Steinitz. Allg. Oel u. Fett Ztg., vol. 29 (1932), no 1, pp. 35-37. 
The author summarizes experiments by himself and others to show 
that the addition of colloidal graphite to lubricating oils improved 
the properties of the oils to decrease friction and heating in journal 
bearings. Oil utilization also was decreased. When used in an 
internal-combustion engine, the graphited oil improved acceleration 
and decreased friction, heating, and oil utilization. 


GRAPHITED LuBRICANTS. U. S. Dept. Com., Bur. Standards 
Letter Circ. 387 (1933), pp. 3. Practical information is given on 
the value of lubricants containing graphite in internal-combustion 
engines. It is pointed out that the action of graphite in oil usually 
is to lower the viscosity, thus lowering the friction. It appears, 
therefore, that the lowering the friction is not due to the graphite 
itself but to the lowered viscosity. The same effect could be se- 
cured by using lower viscosity oil. (Continued on page 210) 
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MORE THAN 
PAY 
THEIR 
COST 


Make an appointment with farmer for a DEMONSTRATION on his 
tractor, Load a set of tractor tires in your truck and make trip to his farm. 


Copyright, 1934, The Firestone Tire & Rubber Co. 


THIS BIG 


Here is your opportunity to increase sales and 
make more money. 


Last year farm income increased a billion and a 
quarter dollars; farm income in January was 41% higher 
than the same month in 1933. Prices farmers now receive 
average about 55% higher than last year, while products 
farmers buy have increased only about 17%. Not for 
years has the urge to buy been so great—farmers need and 
want new equipment—they now have the money to buy. 


Firestone Low Pressure Tractor Tires are another 
outstanding development of the famous Firestone patented 
process of Gum-Dipping. The millions of cotton fibers 
inside the high stretch cords are saturated and coated with 
live rubber, providing greater strength and flexibility and 
making it possible for the tire to withstand the pull and 
strain with only twelve pounds of air pressure. 


Write today to the Firestone Tire and Rubber Co., 
Akron, Ohio—Los Angeles, Calif., for complete details 
on how you can become the headquarters for Firestone 
Low Pressure Tractor Tires in your territory. 


Jack up the rear axle of the tractor. Just slip off the old steel wheels and 
ut on the rubber tires mounted on Firestone tractor wheels. Do the same 
or the front wheels, No mechanical changes are necessary. 
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MORE THAN A BILLION DOLLARS 
OF GOVERNMENT MONEY BEING 
PAID TO FARMERS ”» » » » 


Think of it! The 
government's AAA is 
pouring almost a billion 
and a half dollars into 
the Farmers’ hands. 
Now is the time 
to go out and 
DEMONSTRATE 
Firestone Low Pressure 
Tractor Tires on the 
farmer's tractor. Nine 
out of ten farmers will 
BUY, particularly when 
they learn the savings 
andadvantages of these 
big, soft tires. Cash in 
on your opportunity to 
increase sales by 
stocking and selling 
Firestone Tractor Tires. 
You make BIG 
PROFITS! Get your 
share of this billion and 


a half dollars NOW! 


; See Firestone Air Balloon Tires made at the new 
improved Firestone Factory and Exhibition Building, ( 
“A Century of Progress,’’ Chicago. ¢ 


) 
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PLOWING 


FOR ALL ND WORK 


Apply weights to rear wheels for maximum traction. This is a simple 
peration—just hook on the weights to the spokes of the wheel. Tractor is 


After afew miles of DEMONSTRATION in actual work, nine out 


f ill . ighbors t 
now ready for DEMONSTR awe of ten farmers will buy. Be sure and invite his neighbors to 


the DEMONSTRATION. 
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Agricultural Engineering Digest 
(Continued from page 207) 


Apparently the main advantage of using graphited lubricants is in 
engines with worn and scored friction parts. 


Costs OF CLEARING LAND ON MINNESOTA Farms, M. J. 
Thompson, L. H. Schoenleber, and N. A. Kessler. Minnesota Sta. 
Bul. 299 (1933), pp. 28, figs. 8. This bulletin reports the results 
of an analysis of the costs of reclaiming stump and stone lands in 
northeastern Minnesota, conducted in cooperation with the U.S.D.A. 
Bureau of Agricultural Engineering. The data relate to 122 farms 
in 11 counties and cover the clearing of 371 acres of stumps and 
stones. The data also relate to sand, sandy loam, clay loam, and 
clay soils. A distinctive forest cover was associated with each 
soil type. : 

Brushing was done on 194 acres and 66 farms. The time re- 
quired per acre varied from 1 day on clay to nearly 5 days on 
sandy loam. The average was 3 days. This covers burning as well. 

Stumping was done on 320 acres and 104 farms. Man labor 
ranged from less than 3 days on sandy soil to 534 days on clay, 
with the mean 4 days (42 hours). Horse labor required was 234 
days per acre. Stumping covers four subdivisions of labor: Blast- 
ing, pulling, piling, and burning. The 42 hours stumping time 
may * apportioned thus: Blasting 10h, or one-fourth the time; 
pulling 114 days or one-third the time; piling 13 hours, or less 
than one-third the time; and burning 5 hours, or nearly one-eighth 
the time. 

Sandy soil took the least explosive, and clay took the most. 
The average acre required 127 sticks of explosive, 84 feet of fuse, 
and 60 caps. The diameter of blasted stumps was as follows: On 
sandy soil, 9.2 in; on sandy loarn, 11.1 in; on clay loam, 13.2 in, 
and on clay, 14.6 in. 

Breaking, including disking and seedbed preparation, was done 
on 221 acres and 76 farms. Horse labor was used in all cases. 
Breaking was done most rapidly on sandy soil and most slowly on 
stony clay loam. The average acre took exactly two days to break, 
for man and team. Eighty acres of land were stoned. This re- 

uired more than one 10-h day for the average acre. Clay was even 
reer of stones than jack pine sand. Roots were picked off 166 
acres. The job took just a fraction over 1/4 day of man labor per 
acre. The picking was lightest on clay soils which grew the larg- 
est stumps. Stump hole filling and associated trimming jobs took 
over a day per acre. 

The 12 days of man labor were distributed thus: Brushing 3 
days, stumping 4 days, breaking-disking 2 days, picking stones 
and roots nearly 2 days, and miscellaneous 114 days. To clear an 
acre of sandy land required 734 days, of clay 934 days, of sandy 
loam 12 days, and of clay loam 15 days. The amount of material 
used per acre varied in the following order: Sand least, sandy loam, 
clay loam, and clay. Breaking was the big job for horses. Other 
jobs in declining order were: Stumping, stoning and picking roots, 
and miscellaneous. Light soils were cleared at a lower cost than 
heavy soils. 


THIN FILM LUBRICATION OF JOURNAL BgEarINGS, M. D. Her- 
sey. Jour. Wash. Acad. Sci., vol. 23 (1933), no. 6, pp. 297-305. 
A mathematical analysis of thin film lubrication is presented, with 
particular reference to factors affecting the determination of the 
coefficient of friction. The application of a dimensional theory 
is demonstrated. 


COMPARISON OF METHANOL AND OTHER ANTI-FREEZE 
Acents, T. C. Albin. Chem. and Metall. Engin., vol. 40 (1933), 
no. 10, pp. 526, 527, figs. 2. Data are’reported graphically showing 
the important relationship of methanol to ethyl alcohol with refer- 
ence to anti-freezing properties, and to acetone, the common im- 
purity in wood methanol. It is shown that for all concentrations 
up to that giving about —25 deg F as a freezing point, the vapor 
concentration of methanol is less than that of ethyl alcohol for a 
given amount of protection. However, with concentrations below 
that affording —5 deg freezing point, the actual boiling point of 
the methyl alcohol is higher. At greater concentrations the ethyl 
alcohol has the higher boiling point. 

Specifications for methanol antifreeze stock before adding dilut- 
ing water or color safeguards are proposed. 


THERMAL INSULATION, E. Griffiths. Inst. Chem. Engin. [Lon 
don}, Trans., vol. 10 (1932), pp. 35-41, figs. 7. Studies of the 
thermal conductivity of some of the materials used for insulating 
purposes are reported, and descriptions of the apparatus used for 
testing wall sections and materials of coarse structure, materials 
used in refrigeration, and refractory materials are included. 

‘ The results for the different materials are presented in tabular 
orm. 


VOL 15, NO6 


Tue Sitt Loap oF Texas STREAMS, O. A. Faris. U.S. Dept. 
Agr., Tech. Bul. 382 (1933), pp. 71, pls. 2, figs. 12. This is the 
first progress report of investigations on the silt load of Texas 
streams which were conducted in cooperation with the Texas Board 
of Water Engineers. The Brazos River Basin was selected as a 
drainage area typical in its various sections of conditions prevailing 
on other drainage areas. Sampling stations were established at gag- 
ing stations, either near favorable reservoir sites or below areas 
comparable to other drainage basins. 

It was found that the mean percentage of silt by weight in 
samples taken at 6/10 of the depths in verticals at 1/6, Y%, and 
5/6 the width very closely approximates the mean silt percentage 
for the section. 

While it is known that steep mountain streams transport con- 
siderable coarse material by rolling it along the stream bed, it is 
believed that the solids conveyed by the streams studied at the 
sections under consideration are held in suspension and subject to 
sampling at velocities existing during periods when silt is being 
transported in significant quantities. 

There is no evidence at the river stations under consideration 
of any direct relation between the suspended load and the velocity 
of the water. The higher the velocity the greater is the capacity to 
carry, but since the capacity load is not even approximately ap- 

roached, the magnitude of the silt charge becomes in effect a 
unction of loading rather than of capacity to carry. The greater 
part of the silt load of a stream is due to previous weathering. 

The maximum silt percentage by weight occurs prior to the 
maximum stream discharge. There are two distinct peaks in the 
silt percentage curves for each flood. The first peak occurs on a 
rising stage at a point above which the volume of water increases 
much faster than the available silt load, resulting in dilution. The 
second peak occurs on a falling stage and is due to the caving of 
banks and the sloughing into the channel of material deposited on 
the slopes at higher stream stages. 

The greater part of the suspended silt load of streams and of 
most of the material deposited in reservoirs is of such fineness that 
it will pass a Tyler Standard No. 300 sieve. 

After 7 days’ settlement, the average ratio of the percentage of 
silt by volume to the percentage by weight is 3.3:1. The mud 
column of samples kept in tubes for 7 days is comparable to fresh- 
ly deposited material in reservoirs, but being taken from suspen- 
sion, it contains a mixture of different sized grains, while material 
deposited in reservoirs has been subjected to more complete sorting. 

Suspended silt settles to the reservoir bottom soon after enter- 
ing the slack water and, having a greater specific gravity than 
water, flows in the form of liquid mud down the slopes into de- 
pressions and along the main channel until blocked by the dam. 

Owing to its greater density, silt-charged water entering a 
reservoir partly filled with clear water does not mingle with the 
clear, but forces it downstream toward the dam. No suspended 
silt is carried through the reservoir and over the spillway until all 
of the clear water has been discharged. 

Silt deposited from suspension in reservoirs and kept continual- 
ly submerged contains from 18.7 to 37 lb of dry material per cubic 
foot of deposit. The average weight of the dry material per cubic 
foot of deposit in reservoirs in which a practically constant head 
is maintained approaches 30 lb. The average weight of the dry 
material per cubic foot of deposit in reservoirs that are emptied 
occasionally, ultimately approaches 70 lb. The average weight of 
dry material per cubic foot of deposit in reservoirs used exclusively 
for flood control and therefore standing empty most of the time 
approaches 90 Ib. The greater part of the silt deposited from sus- 
pension in reservoirs and kept continually submerged has an angle 
of repose approaching 0 deg. 

The specific gravity of dried silt from reservoir deposits is 
generally about 2.65. Samples taken from suspension and from 
which vegetable matter was excluded had an average specific 
gravity of 2.73. 

Excess water held in silt by virtue of the structure of the de- 
posit is not available as storage water. On exposure of such de- 
posits to the air, the water is liberated so slowly that all of it is 
evaporated. Although the moisture content of exposed silt deposits 
increases when resubmergence occurs, silt that is not actually 
scoured and agitated by incoming floods until complete separation 
of the particles takes place does not occupy as much space as when 
it was deposited. Each subsequent exposure and submersion results 
in a greater degree of consolidation. 

The density of silt deposited in reservoirs is not increased by 
the depth of water on its surface. Actual tests of material sub- 
merged from only a few to over 100 ft indicate no difference in 
density. Since the individual silt particles are completely sut- 
rounded with water the resultant pressure is zero. 

Seventy pounds was selected as the average ultimate weight of 

(Continued on page 216) 
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NICKE 


takes the toil out 


ape comes from the earth. 

And back it goes in the form 
of alloys, bringing new efficiency 
to agriculture. 


Back it goes in strong, hard, 
tough, wear-resisting metals that 
make the farmer’s work easier 
and cheaper to perform. 


For when Nickel is correctly 
alloyed with other metals, the 
Nickel content induces a wide 
range of improved properties that 
make these alloys more highly 
resistant to heat, stress, impact, 
shock, abrasion, corrosion, wear. 


Thespeed of the moderntractor, 
for example, could not be main- 
tained under such punishing con- 
ditions were it not for gears and 


crankshafts of Nickel Alloy Steel. 


Bolts, rods, forks, teeth, drives 
and other highly stressed equip- 
ment parts could not have such en- 


durance and dependability were 
it not for the same materials. 


Another alloy containing Nickel 
..- Nickel Cast Iron...makes en- 
gine blocks, cylinder liners, heads, 
brake drums more highly resist- 


@e@ee@ 
of soul 


ant to pressure, heat and wear. 


The alloys containing Nickel 
embrace a variety of composi- 
tions, each carefully established 
by exhaustive laboratory and serv- 
ice tests. And there is hardly any 
type of farm equipment that could 
not be improved in some direc- 
tion by their use. 


We have extensive experience 
data on the uses of Nickel Alloy 
Steels, Nickel Cast Irons, Nickel 
Bronzes and other Nickel alloys, 
and will be glad to send you full 
information on any application. 
You may feel free to consult our 
engineers at any time regarding 
vour problems. 


SIN, 


THE INTERNATIONAL NICKEL 
COMPANY, INC. 
67 WALL STREET NEW YORK, N. Y. 


a. Miners, refiners and rollers MR 
Were of Nickel. Sole producers Sd 
of Monel Metal. 
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the Farmer’s Greatest Enemy 


Can Be Stopped / 


Many agricultural engineers and designers 
of farm buildings can greatly reduce farm fire 
losses by recommending fireproof construc- 
tion. Concrete has no superior for fireproof 
building construction. Concrete walls and 
floors prevent the spread of fire — make it 
easily controlled. Concrete is economical, 
durab:e and permanent. Its smooth, hard 
surface is easy to keep clean. Money put 
into concrete improvements is well invested. 
{t builds permanent property values and 
adds to the appearance and usefulness of all 
farm buildings. 

The Portland Cement Association will be 
glad to cooperate or furnish desired informa- 
tion on any phase of the building of fireproof 
farm buildings. 


PORTLAND CEMENT ASSOCIATION 
Room 446, 33 West Grand Avenue 
Chicago, Illinois 
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deserves serious consideration. 
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“Labor-Saving: A Misnomer” 
(Continued from page 205) 


All of the foregoing has been considered in terms of 
occupation and employment, which in the present state of 
affairs seem to be uppermost in social expediency and eco. 
nomic policy. In terms of production per worker—or its 
reciprocal, hours of labor per unit of product—the increase 
in efficiency is too obvious and too well known to require 
restatement here. Multiplying the moderately reduced em. 
— (in the zone of social benefits herein considered) 

y the greatly enhanced output per worker leads mathe. 
matically to the conclusion that the sum total of products 
and services available to the population at large is far 
greater than in the pre-machine age; this, too, is confirmed 
by common observation. 

Assuming a reasonably equitable distribution of the 
fruits of labor, this all means that the end-product of the 
machine takes the form of abundance in material blessings, 
or raised standards of living. So prolific is the machine 
in bringing forth these blessings that per-capita production 
capacity has increased in spite of, or in addition to, reduc- 
tion in hours of labor to about half what they were when 
90 per cent of the people lived on farms, with further te- 
duction apparently in order. 

In this sense of reducing the hours of work, and toa 
still greater degree in driving out drudgery and making 
labor less laborious, the machine has perhaps its strongest 
claim to the term “‘labor-saving.”” In so doing it has added 
not only to the comfort, but to the dignity of labor. Di- 
rectly and indirectly it has been a major factor in admitting 
women to many gainful occupations. This, while accom- 
panied by certain dubious social implications, undoubtedly 
constitutes a large degree of economic emancipation. 

In our own field we have seen the unpaid labor of 
women in corn harvest disappear with the appearance of 
the machine corn-picker, and the presence of the milkmaid 
in the dairy barn, in which none but a poet could see any 
poetry, give place to the milking machine. Even if the lady 
corn-picker is offset by a sister-under-the-skin working in 
the milking machine factory, or the milkmaid becomes secre- 
tary to the manager thereof, there is net gain in the dignity 
and reward of labor, and less of drudgery in its performance 
—again maintaining employment while saving labor. 

So, too, with child labor in agriculture. Not in great- 
great-grandfather’s time, but in the memory of some of us, 
the rural school year was adjusted to the rush season of 
crop production so that boys could help with cultivating, 
haying, grain shocking, potato picking, and sometimes corn- 
picking. Appraising the type of manhood which developed 
with such apprenticeship, I do not concede child labor on 
the farm to be the dire evil which some reformers have 
painted it. Be that as it may, farm work no longer controls 
school schedules in regions where crop production is well 
mechanized. The problem now is to get the farm boy ac- 
quainted with farming. Only in those exceptional and 
numerically unimportant cases where children do hand 
weeding, thinning, berry-picking, etc., does child labor in 
farming remain open to rational criticism. It is the machine 
which keeps the rural school open eight or nine months 4 
year, and sends the farm youth to high school. 

All of these things mean richness of living and widen- 
ing of opportunity, not restriction of opportunity or reward 
for labor. However accurate “labor-saving’’ may be 4 
applied to the machine in a narrow sense, it neither de 
notes nor suggests the end-product of the machine in terms 
of human well-being. It is a phrase with the curse of neg 

tion Pye it, like wireless, horseless carriage, and B-elimina- 
tor. If we can find instead some simple, vivid phrase which 


emphasizes the affirmative blessings of the machine, it 
—W. B. JONES 


7 
E 
b 
J 


Lisa ce ae + ae ag Be et i eee iS mat ot <tan | 
Gitta SMe. =" a Set Sa aa. . ae ae cel er. ee) Moe .- 1 Pee  } nb” i. a r oe er tae 
Cis oe eer = a SEEN oe, aah te iat 3. oe ae ie)! ame aceite elles Seaeemert) TeamMn a tno ree i ae oe Bat Fu 
A A he es tS ND: CoS ae RRR ste ee ts ee ean m4 pee Ae ey a 5S. Piss < ie hag) a al iO, Boe he mr!) eo ek a ee ase ae 
Ree Tikes ag Rae ee eee pe ka on ee At aie cog I! aie Pe Ss Sesties Recs cs MP OREO P gts a = “<a AU 
Panik See my 20 ee Se - SS ee peers Ae? Set aa ne , a 2 Sb So eae gee Soe Tae a ee cea * (psp ae Ae eae Sy Pe ey 
ot nget | eer . it ee rent 1 a ee Bie) RN a SC Reese ee st ee St cis eee + RR 5. | Svan ies cole ene tae Bees rete eee po oe ee ae 
oes CMTS OSE See nen Senne Oe Re Ta eRe ae eS OIE Rie Ie” a a Bios ys: URS ieee ae ees a" Ree ee cad a 
Nes Se me a ae ee ae ee Fe eis ee 7 ee RR .. oeiiay i 
al S y 5 . vere SR eS tee 
ee: a ss . Pc ea a 
Po) aia im 
ag ere = 
ey 214 A 
ca ee GRICULTURAL (_ ee = 
Patt, De sto | 
Oe econ ‘ 1 
pir ara: . . a ; 7 
ee Tie en ke eee a pais : 2 ae 7 2a eae 2 ‘ 
7 aye , ° ie wt he : — (ie 2 ae 
ne : @ on tf > eet Gees ae 
meri i ae, a 2 . ae 4 Ane he sees 
at Sa ie re io — li —O*FNE wa ae 
iM ne He . , 1s ig ay ip ie 
ey a Ee we ag = ee 
oe Sees A > |. i ya wv .@. 
\ eee ¥ . . a ess re PS a, ~§ 
slammer ; co <e Fae - a : f) ns £ 4) ‘ 
oy 4 ——. ss . Re ‘ a oy BY ee A cy 
39 op WG? : ‘ x oy , — a ‘ 7’ en Spat a F 
Bees: ye 3 ee Ae “ ; 4 ys Ve #5 — 
ots Rn é ‘ss wens J ~~ be 
i an bese OE OP Ca | 
ee is) Paw. aces : - 
hie De Te ese ns ee eT EE A Oe ee eh 
“ pak? a ei : eG eet kee Tee . . A: ; ay Tene ee aes ee > oe ae eas a sane ~ a bet 
nk ri a SS a a Fhe Sel Se > Si ae Se cs q 
Bit ie an “ , P mye voreramieane es . . ee 
ot e 5 : oes: e aa Bet gp liiaeeate pa Ee a a sii - 
a ; ee ras. an fee ee ah aaa BR ne os ihe, eek i - 
ee oi PEELS gete & ed PO ate een es A See er 7 
atic, Stoo) Berg es aren at ae ae at oY ae cg MS eal ee - 
~ yates 2 Mee oe Rae ime TR wie cope 
ne a eg meme ag AE eae Pn ts a q 
arse \ —— Fe ne er oe pide: tee eg { 
eee es ee Mee + > MARR ae é ‘ 
fe 3% Pid B74) ie be ee 2g < — q 
oo 1 | 
SGteepe seat : . 
hs vet te - H ; 4 
ae a aK | || Te. . 
hs E ee calls I at Pace ‘. se ; All A eat. ! 
Baie ie ae —e. ap BREE pee toate Ga ~ Sires oh 4 
pani fr) FE 5 at mS RR Fe ES pe — gh A . ‘ 
~S a 
al | Ere md ee ceo oS UE es ; 
uicy AM ara ‘a (| a : if ol Cee q 
reg tae : ~ et — & AS he oS eae 2 e — =< A q 
Moan of = . > 3 Bis te eee. Ss i. y 7 
a ie : a MK A ; 
ne ees ‘ a é om, | ; gy 
was | oie ? . Bal j Sy isa ) ’ 
mal ee , Fe. eee : 
ae fa ean HES A . a Bt : 
ae sha ins y 5 * 3 £ E e % = % “ re i I “ a 
“teed eet * ; } : » 1 | i 4 
EA ee ; oe ~— 4 : F ay SS poe 
ae) ge 2 ig. 7 
ee tee & * F a "a , ‘ q 
ha E a ‘é J 4 ies. = > ee 4 - 
* Ok r . ay 3 om bo 
Re en ie s ae : os =, j 
Ape : tes - oe ty + Be 
eet tae A ( Fk Pre i 
i =H eae f “ rok —— E 
Bees lop ; Fie Coe Bae a 
| ee . oo ig FPS Be 
reas sine P Steper : CAR, tie ere = 
aah "* Pete oe Ag MEO RE 4 & ERE Paces: Fie 
Naat FY ae Paws” ra sa ne . point hp -ef th Me 
Tae il ee Fa: .. are, Pot B.C " ite: Me Sl : 
ie ae: Ri Ges RGN cme RM. er, oe ee deers ale, 
cow Saree 7 Sg Me Ao! SORES ROE ys ee: ga We ee 
Rend . ‘ithe i RECON : 
vale 
ss ed * 
ray Pee . 
ae. Ta x 
ee |e 4 
ae eae 
SR i i 
wr: hice ve eS ad 
Ad see 
fate Eitsiae 
‘reas bea q 
Ba taofen 4 ; y 
al eames. | { 
ea do a ee é 
te). ) i 
Bs, Sag 
oe ae 
ty Resa: ; 
Eee a ers s 
at es “ 
a pa a Uae _ ~ 
NUryhann, Cee aes i 
Paral © amen eu f 
c Usteenie ys ; 
es . 
era) tener ct "g 
SE, dea 
St ee : 4 
a, oe | 
ASE} Caer ge 
Vy cata: beeen ¢ 
rte "ewe +, 538 t 
Sa eecy 
SNS fete et , 
ee 7 
MS. a ‘ 
ame aoe ‘ re 
BYES oes 
Perc | $5 
eel: ; 
ASeoud * - 
pe cme te ° 
eee i ‘ 
eee nti ) 
Wigeet 
Seed iy 3 -s 
bo ok (Se ‘ ‘ 
pa el 
eae CI | 
Ged ie eager 
eae See aang 
Se (ee = 4 | 
Spa ee 4 
Wiivet page SR 
Seis ate iS 
i eg Boe 3 
pret G a 
myiase |b fed y 
Sy pee en ‘ 
SAC he ni 
eine ess «Migs 
peers (Stik ag 2 
ee 4 | Pg, 3 
Bod oe a 
Sues nl be ‘ 
at neg seme z Week i 
Et E panes : i Sill 4 Se eT Sr 
Tee ey oe Peay ‘ ssid Bex date g if ‘ 
Oe oy Bf 2 3S Speen Ey tet pera | | 
SEA Rein ey te 
Re Suraa a ae 
eee Nett 9) ears 
Be tila et 
A ie MOR We = 
Po eae 
ee eee 
ee iat ates = 
Sg 
1 Spas. iy : 
Sil ae 
a Ag 
Gis) geek. Cea a i 7 . : 
Shek bay rie RRS as cara 8 ae). Se es ar rae ¥s 
ee AL od , Bee GS eee, ie are acy 0. iO | | pega eR wee, Me te Rg aii ’ Mg 4 wa — § 
eee) Baas in te 2 Gee Spee es TS Renae a4 CE GMC My we : Ee oS eS oc a Cae. 
“Sarah | Bears: ee) 4 Saree Ob epee ite ss Se iS ob 9°) ames co a “NE pas , x eet at eS oF Fit ina 
Bio fe 4 ae PaMBi ewe! 5 Pees 2 Ga CR Becse eea -. e Fs 7 Sart ae GS ae ofc 
Worcs) Pees i eer eet ape mee a ee TE RR ee Sank ee RR Ros. ee ee ss eee 
rs MA ee oe 2petiages 3 ie Ay 25a or mare oh - > ls 7 Oe ee ee ee a hee 
Satie | aed i aa coo ene cene acc ca ee a i EAB ae eas Pigs i ee a | Sac es felt 
OR rec 3, Mies * oe i ae eee St me ; ee ae wee ae 
Shiro) <0 ee eis eae ha oe Hk: ao. RS! SY ae +, pie hoe Re aoe “agr Boe A ae 
PA Oe ee Megs 2 es Ba gS at Pe cate aie eee A Aye ae. ee eos ear 
ort ea lie epee, eee SG Me ae at ae as BP ae he. cat “ae pk 
ee a aa rg ms ge as nae ee Te Lo oe Sea" i 
tee a 4 Saeed Tee eee of ere ee NR a yo a : Poe ae SN eS ee Re - al 
Va ee ee ease RE oe aD | Se Ne a 7 Beck a RED Epi ae agin 
3 sg et REN Re he i... an eee 


ea 


nog ff JUNE 1934 AGRICULTURAL ENGINEERING 215 


=< | WHEN IT'S strength YOU WANT 


—or its 
increase 
) require 
iced em- 
sidered) 
5 mathe § 
products § 
e is far 
onfirmed 


¢ 


eee 


1 of the 
ct of the 
lessings, 
machine J 
roduction 
0, reduc- 
ere when 
irther re- 


and toa 
1 making 
strongest 
ras added 
ibor. Di- 
admitting & 


1 et USE RAIL CARBON STEEL 


n. ; 

labor of 5 5 : 
arance of : Every agricultural implement must be designed 
milkmaid § with an ample margin of safety, because no slide 
id see any § rule ever made can figure the stresses to which it 
f the lady 1 ine head t : 
orking in J will be subjected in service. 
mes secte- é When it’s strength you want in tubular and 


he dignity j channel sections, investigate Republic’s Rail Car- 
formance bon Steel—the finest steel for the price—and the 


bor. Sie fa ait | Male 1 bl h 
rin great price is right. Rails no longer useable on the 
ome of us, § right-of-way are transformed by a special process 
season of into a wide variety of shapes especially adapted to 
eng implement construction. They average about 37% 
developed stronger than ordinary steel and are as free from 
d labor on i flaws as the closely-inspected rails from which they 
mets = : are made. This gives you an opportunity when de- 
wig ot ; signing to increase strength at vital points without 
rm boy ac: increasing weight—or you can maintain strength 

tional - and save weight. And the cost probably will be a 

—— pleasant surprise to you. 

he machine Write, enclosing specifications, for quotations. 

e months a 

an wide. REPUBLIC STEEL CORPORATION 

y or reward 

pe Mg GENERAL OFFICES SRR YOUNGSTOWN, OHIO 
neither de p 2 

ne in terms ie owe ee! 

rse of neg : es ‘ 

1 B-elimina- ae oe : . ELDED. TUBING 

hrase which a © 


machine, tt 
JONES 


Se os: [ pe Si haga oo" Ge eel 7 ES ea. te fee se ee fees =) oe ; 
epee Qs hpi Eris 3 Sica B TSN GE tees Se cee re pegs PS ie eR a eg ced ea a . j G 
x © i eer pers ae + RYE eee: See Greet Sete Sale pe ie) ni iets 2 : Tele at, : . et Uy car = 2 ° 
Pee 0 ee ; PO. cee. th ee eae ap eee pa 
ioe ore SG a a eet potest ; eR hearer) he f= Tews 27 5 jeee : : 
nn cert oe 14 oes aed : 1 oT Ee eT aa anne eo SAN TES Se ear ye eee : oe SARE are : 
i ies SERS erg 5 aes 5 r 3 : % . : * d 
erms of 
state of 
and eco- 
YY fee Cea ee 
oe ee e | fitters. Paar ee ee 1 
| eae as 
es +h Ba att * - 1 Di bande 4 
; a | eae 4 Sane as | :  : 
| : x ae os: eae TE ett ie geil ae SER 
: ae a ‘ Bn po OES ee 4 ae 
| = — € aaa Beh one ee * we a hh Bas ; 
: » a F.<39 Te i ee 
q opie iE . iia & a) : a e3 
a > ae Ye ne age lil Mets 
: 5 ; Ve 7 APS Cag i aaa fo geen ° Age alll : - 
q A hd ia ere ea Eee ne <r Be cn call : : - ; 
| : é — ee ae ae Bee Nits q 
- See a ae . SY ae, | Pe ke i > Fae uf 
a RS — ty Bs 9 a | 4 ae oa Ney Se ei en q 
: a. | fa He .  ——_———ae pe hae 7. - 
1 we i ae a lel air i eee wepe! ; 
a a ws SS . ee il ee Pee he ae Co ce 
; ve — So Fo Ai tse, 2k CL eS, ye oa e. ; 
ld ee Fe Ys 
Sa die AG a eh CR a aa er Nees SS é Se aay 
| Pb Bry, iat a oy 7 a ro § a ie oF ibis ial . Eye me i ee a P 4 ‘nf 
; ie Oak Ps a a Me hg tee: BS a e , a rere 
| as at a = MO fe oe Zs , ¢ Saeeeaoae 
: ae ie Fe i. ed Ff FZ. 7 => s/f dal 
| —_— i Fe ale i ty - f/f £2 ff “a ae q 
, o ie ee ss Fe ys “ois . sey . Bers ‘Ja aes] 
—————— Se > 4, 8 ii 
eke ee Ris ace Q : ae Fe, ia 
——— ll ll meek ~~  / . “ ‘ee 
ie \ © gees ‘ Se : nm . : " i } 
- Pie chi ONG Sore eS ag  ™® "ac ie, fs bs 
d a $ Pe = : Sai: = 4 
es . 3 rt 2 — 8 - 2 | 
ee” f oS ie ; if “a ‘i 
le s ee pte ine x rs tee p % 
oN ie agees ; . # ete a : \ } 
Ry Ms See es fe . pene. — i : é <i. weet =. a ? ca 4 
ie aus e wa : } 
é DE ae’ eS ek 3 ee ‘ 
Pees Es See 
3 Af 
ls ha AZ 
. 
A UNIT OF REPUBLIC STEEL CORPORATION _ 
* me sa re eas ¥ ah ~ gol : ¥ My . % 
— "hq ——— — 
aoe RePtiiermas — 
Fo PURO Sle RP Doe a Ber NN Se ie eke 2 ne | a ae a td ete ead ws a " 
Nege 0. Speer, eg ey Pong “Ge eee gamma ee A. ae a 
Ne nee es ca See Rue nes = cae ; -; Ramee ; Sag 
E i PMS Da ae oo =) ee ai sce toa ion Steppe Sales ge a fi gece ‘ ‘ae Suh bine 
se eee ee Pe ae oe eee Seer iia Gm 8 Caer ge eee te é stow 
a akin GP ey fa 2 oe! a er + ie ae 2 Set fea es ae ; Le a ea newer - mg SS SN 
aa ne ay, Ae Bec ee i ee Pur. Bt oe ore Dt See ee ae negob 2 571 aa ES OE Sidi We Ea 3 2S5, : a 
Ma Gr ae coll Sate rameee(t oe asta Figeees! Pak sige 2 SR ca "Sigaa te 23) ae es esate oir 2 ; x 
As Ne as rier PY ey Re, mee: 7) ee ee og Gs SS tere a? Sree ht ee: Messe ies 
PO Se ce es! GR a Sa, % ed PO eine tere at Ne aie = 4 i a ey a ki ‘ ie 
Or CR ree Sa Se oy ake ay a S| Ye eS a bk) oe Se kee =: + ok 


216 


ete ee + ee 


No Operating Cost 


of a 


Rife High Base Hydraulic Ram 


Commends it for “Water Supply for Farm Homes” 
campaigns. 


The First Cost is the Last Cost — Once it is installed 
it will pump a continuous flow of water, day in and 
day out — year in and year out, without one cent’s 
operating cost. 


Requirements — Flow of Water 11/ gallons per min- 
ute minimum. Fall 20 inches minimum. Guaranteed 


to pump a good flow of water 25 feet high for each 
1 foot Fall. 


Write for detailed data. 


RIFE RAM & 
PUMP WORKS 


Waynesboro, Virginia 54. 


DISCHARGE 
CONNECTION 


DRIVE PIPE CONNECTION | 


, the BADGE 
of him who 
BELONGS 


ESPITE the presumption it sets up, 
mere membership in the American Society of 
Agricultural Engineers is no proof of a man’s 
high rank in technical talent. It does prove that 
he has met certain minimum requirements and 
has earned the esteem of colleagues who spon- 
sored his application for membership. 


But the Society emblem is evidence that 
native talent, be it great or small, is enriched by 
fraternity with the personalities whose minds 
fuse to form the pattern of progress in the 
methods and mechanics of agriculture. The 
wearer of the emblem waits not for the debut 
of an idea, but is present at its birth and helps 
to guide its growth. 

Be you novice or veteran, your membership 
in the organized profession adds something to 
your efficiency, your vision, your influence as an 
individual engineer. The Society symbol on 
your lapel is token that you “belong.” Wear it. 
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Agricultural Engineering Digest 
(Continued from page 210) 


the dry material per cubic foot of deposit in reservoirs where the 
deposits are subjected to alternate wetting and drying. 

The best method of preventing the deposition of silt in reser. 
voirs is to keep it from being carried into the supply streams. 

A list of 24 references to the works of others bearing on the 
subject is cited, and an appendix is included giving data on silt 
carried by various Texas streams based on discharge records of the 
U. S. Geological Survey. . 


Literature Received 


1934 Buyers’ GuipE. Volume 43 of a classified directory of 
manufacturers of farm and garden implements, tractors, wagons 
and carriages, motor trucks, lighting plants, cream separators, gaso- 
line engines, windmills, pumps, wire fencing, and many other acces- 
sory lines sold by farm equipment dealers, and issued annually by 
the Farm Implement News Company, 431 South Dearborn St, 
Chicago, Illinois, has just been published. This publication con- 
tains an exhaustive index of farm equipment classifications, a classi- 
fication according to implements, tractors, vehicles, repairs, etc., and 
the names and addresses of the corresponding manufacturers, in- 
cluding the trade names of the equipment. It also contains a gen- 
eral directory of manufacturers of the United States including their 
full lines, branch houses, jobbers, etc., and finally an alphabetical 
list of manufacturers, including their addresses. 


EMPLOYMENT BULLETIN 


An employment service is conducted by the American Society of 
Agricultural Engineers for the special benefit of its members. Only 
society members in good standing are privileged to insert notices in the 
“Men Available’ section of this bulletin, and to apply for positions 
advertised in the ‘‘Positions Open’’ section. Non-members as well as 
members, seeking men to fill positions, for which members of the Soci- 
ety would be logical candidates, are privileged to insert notices in the 
‘*Positions Open’’ section and to be referred to persons listed in the 
‘‘Men Available’ section. Notices in both the ‘‘Men Available’ and 
“‘Positions Open’’ sections will be inserted for one month only and will 
thereafter be discontinued, unless additional insertions are requested. 


Men Available 


ELECTRICAL ENGINEER, graduate of the University of Lon- 
don, desires employment as rural service engineer or distribution 
engineer with an electric power company, or as research engineer in 
rural electrification with an agricultural experiment station, prefer- 
ably in eastern or western United States. Seven years experience 
in rural electrification with electric power companies and in re- 
search at a state agricultural college. Age 33. MA246. 


AGRICULTURAL ENGINEER, graduate of Michigan State Col- 
lege, at present working for master’s degree at University of Min- 
nesota (with major in farm power and machinery), desires employ- 
ment with farm equipment manufacturer either in engineering or 
sales work. Born and reared on a farm. In connection with college 
work, he has served as teaching and research assistant, all the work 
being in farm machinery. Available April 1, 1934. MA247 


AGRICULTURAL ENGINEER, graduate of Virginia Polytech- 
nic Institute and licensed surveyor, with varied experience in suf- 
veying and construction work, and three years’ carpentry experience, 
desires employment as surveyor or with construction company. 
Single. Age 27. Will go anywhere. MA248 


AGRICULTURAL ENGINEER with both bachelor and master 
of science degrees (majoring in agricultural engineering) from 
midwest universities, two summers’ experience as irrigation investi- 
gation engineer in midwest state, experience in soil erosion work, 
and five years’ experience with agricultural engineering department 
of large university where the duties consisted of research work in 
reclamation, farm development, land use study, and a regular teach- 
ing schedule mainly in reclamation, desires employment where 
qualifications meet the need, preferably with farm equipment com- 
pany, in federal work, or in agricultural engineering with some 
state agricultural college. Married. Age 27. MA249 


AGRICULTURAL ENGINEER, graduating this June as 4 
member of the first agricultural engineering class from University 
of Illinois, with twelve years’ experience as draftsman, tool and 
jig designer, designer of automatic machinery, and foreman of 


mechanical research and development department. Prefers to locate 
in the Southwest. Available July 1. Age 40, married. MA-251 
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